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Abstract

This doctoral thesis is a practice-led enquiry itlte value of 3-D Computer Generated
Imagery (CGI) in the visualisation and animationcbhical radiological scan data. The aim
of this work is to develop an alternative pathwayvisualising clinical data that augments
and challenges the existing medical imaging adsthéit questions the integrity of the
author’s arts-based interpretation of the radiaabscan data and its relevance in the real-

world context of enhancement of doctor-patient cemication and interaction.

The thesis starts by exploring current pathwaysvisualising the inner body, in particular
biomedical animation, TV documentary, clinical 3vualisation and fine art practice in
medical imaging. This analysis is followed by ateimogation of the literature in the field of
doctor-patient interaction, resulting in a smalbbpative study with patients. This helps to
define the opportunity for a new visualisation pedly that brings together the visual and
narrative approaches of a 3-D computer animaticsthaéc and the detail embedded in

clinical radiological scan data.

A multi-method approach is used to address theareBequestions. Informed by a
collaborative two-year residency at Ninewells HtalpiNHS Tayside, Dundee, the author
creates a series of 3-D CGI works that define lilglsrid visualisation pathway. The resulting
bandwidthof interpretative works is then investigated iqualitative study involving semi-
structured interviews with professionals from this and clinical imaging. Overall, the study
suggests that image integrity is tethered to cdrdad purpose, contextualising the potential
application of the author's 3-D CGI works. The awthconcludes that his original
contribution to knowledge is this alternative viss@ion pathway, as developed through the
bandwidth of interpretationThis is achieved through the exposition and Usthe author's
tacit knowledge, and the collaborative approachis Tgrovides a transferable model of

working, for the future visualisation of medicabscdata.



Glossary of terms

Word or Phrase

Explanation

Abdominal Aortic
Aneurysm (AAA)

A condition that causes the aorta to weaken angehulthe
abdomen area.

Aetiology of Disease

A group of contributing factdhat patients’ perceive causes
disease.

Aneurysm A condition where a blood vessel weakenkstailges often
leading to a burst vessel.
Aorta The major blood vessel leaving the heart withigenated blood.

Arterial Disease

A medical condition that leadsitteries becoming blocked as
result of arterial plaque.

Arterial Plaque

A substance that builds up insigeartery consisting of
cholesterol, fibrous tissue and calcium.

Atherosclerosis

A disease of the arterial wallimithe human vascular system.

Autodesk Maya

Produced by the USA based compangd&sk
<http://usa.autodesk.com/> this software packageiges
computer artist and animators with modelling, ariomaand
software rendering tools.

Cinematic

Static or moving imagery that possedsesgjtialities or attribute
of a ‘motion picture’ presentation.

Computed Tomography
(CT)

A clinical scanning technique that applies x-rayd digital
interpolation to acquire 2-D cross sectional imagfethe human
body.

Computer Generated
Imagery (CGI)

A term generally used to describe a field of atgsgi that apply
to computer graphics in film making and television.

Depth-of-Field

An optical effect used in film magiand photography to focus
the viewer's attention on an object or character.

DICOM

A file image format widely used in medicalaging.

Digital Assets

A term used to describe a digit&fact used in film VFX and
games, such as props, characters and the envirbnmen

DvD A Digital Versatile Disc (DVD) is format for #storage and
play back of video. DVD'’s can also be used for lsodiata
storage.

Fly-through A technique used in 3-D computer aniamatvhereby a virtual

camera rapidly passes through and over a compigtaldsets or
environments.

Green Screen

A process where actors are filmeastgaigreen or blue
background then superimposed digitally on an aditéva virtual
background.

Ink & Paint

A process used 2-D animators to coladividual frames known
as cells using ink and paint.

Live-action Plates

The filming of events or perfame on video camera
equipment for later playback.

Magnetic Resonance
Imaging (MRI)

A diagnostic scanning modality that uses magnesomance
properties of human tissue to generate 2-D crostisal
imagery.

Marching Cubes

A software algorithm commonly usedamputer 3-D medical
reconstruction — built from surface patches onglas of 2-D
cross-sectional data.




MP3 A file format for sound compression.

Pipeline A word used in the CGlI industry used teatibe a sequence of
computer techniques or processes to achieve aaremation,
visual effect or digital asset.

Pixel The smallest unit of measurement on a screen.

Paositron emission Imaging techniques used to capture human metabolic

tomography information and is used alongside MRI and CT saagni
modalities.

Proprietary System A term used to describe theveo# or hardware that is locked

to manufacturer and not available for external tmaent.

Radiographer

A health professional who operates¢ha equipment to
acquire medical imagery such as MRI, CT and X-ray.

Radiologist A clinical consultant doctor who repoon clinical imagery such
as MRI, CT and X-ray.
Real-time A term used in computer graphics to desa system that allow

interaction with user without rendering lag time.

Renal Angiogram

A medical procedure whereby a e@htagent is injected into a
patient and MRI or CT scan is performed on the é&dand
connecting arteries.

Renal Artery Stenosis

A vascular condition thatuss@ue to a narrowing of the
arteries that feed blood to the kidneys.

Rendering

A process in 3-D CGl used to describdighe calculation on a
virtual object or surface resulting in an imagenfea

Siggraph Conference

The world’s largest computaplgics conference held annuall
in the USA.

STL

Stereo lithography file is a digital format dder rapid
prototyping

Sub-Surface Scatter

A computer rendering technirgee to replicate semi-
translucent surfaces such as human skin, jade dkd m

Tortuosity A term used to describe the complex amerial structures
within the body.
Tumble A term used in film and 3-D computer graphiz describe free

movement of the virtual camera by the user in amiscene.

Ultrasound Scanner

A diagnostic scanning technology that uses highueacy sound
to scan body tissue. Used particularly in foetahsung.

Vascular

A medical term used to describe humandl@ssels.

Vertebral Arteries

A series of tortuous blood véssacated in the head and neck
region of the body.

Volume Reconstruction

A techniques used commongomputer 3-D medical
visualisation for building a 3-D voxel renderingifin 2-D cross-
sectional data.

Voxel A 3-D piece of pixel data.

Wireframe A term used in computer graphics to dbedhe most
elementary form of geometry prior to rendering.

X-ray Imaging An imaging process established in1#&Century where film is

placed under the patients body and area of interestposed to
X-rays.
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Thesis Symbol Key

The thesis contains a series of keys that refadttitional material held in either Appendix A

or B. The following symbols located in the rightngia of the document prompt the reader:

Appendix A — This symbol refers the reader to Appendix A,chbstarts

on page 253 of the thesis. This section contaixtsated printed materig

Appendix A supplementary to the main body of the text.
Appendix B CD-ROM — This symbol refers the reader to Appendix B
CD-ROM, which contains the static screen-based @na¢as discussed
Aggf-‘ggKAB in chapter 4). It also contains the full transcidata from the pilot and
(;ong)j final study interviews (as discussed in chapte€&s@. Appendix B CD-
ROM also includes a full digital copy of the thedir instruction on
using this disc refer to page 327.
Appendix B DVD — This symbol refers the reader to Appendix B DVYD,
which contains moving image data. The video clipstlee DVD are of
Apps\r;gx B the 3-D CGI works and clinical radiological scanqsences. Fof
(Vciﬂgﬁtgr"? instruction on using this disc refer to page 327.

Section X
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Preface

Fig.1 — Inner Space cinematic poster, 1987

In similar fashion to the fictional pilot Lieuteniafuck Pendleton in the feature filimner
Space' (Dante, 1987), | have always wanted to traveldeghe human body. As a child, |
watched this film over and over again, fascinatedhe elaborate sets, incredible props and
Oscar winning visual effects that were groundbneghkn their day. In my mind’s eye, the
inner body was, and still is, a place of incredibtanplexity, with many uncharted spaces,
vistas, landscapes and structures hidden to thedneyte. These visions of the body have
stayed with me into my adult life; fuelling my imést in exploring the body through

contemporary imaging technologies.

| originally trained as an industrial designer aag School of At Aberdeen, graduating in

June 1998. At undergraduate level, this early egpee of higher education taught me how

Y “Inner Space’- This live-action feature film released in théslmineteen-eighties, tells the story of a
supermarket cashier who is accidentally injecteth & miniaturised craft. The story follows the traf
and pilot (played by Dennis Quaid) as he navigétesugh his human host Jack Putter (played by
Martin Short). The film was nominated and won t®88 Oscar for the best visual effects.

2 Grays School of Art - Robert Gordon University, Adeen, UK.
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to solve problems. | explored new ways of tacklagsting product design problems. My
products included anodular first aid kit® and anelectronic‘emotional containef’. During

this time, | applied a robust design process towoyk; identifying problems, sketching out
ideas, undertaking 3-D physical prototyping andalffiirect testing with potential user

groups. This early training in the field of desmgmains with me today.

After graduating, my interests moved beyond thenbswf physical products and into digital
design and computer animation. This led me, ul@tyatinto the 2-D computer graphic

design industry, where | worked for a number ofrgeas Senior Designer for a creative
design agency in Glasgow. While working for thiglagy, | worked on a variety of corporate
websites, constructingFlash’® animations. | also completed 3-D Computer-Gendrate

Imagery (CGI) work for TV commercials and corporate preaéans.

One of my final clients acted as a catalyst for mmyve from industry back to academia. In
2002, | started a short animation for Reslin Instituté. This project consisted of a short 3-D
computer visualisation telling the story of theell cloning’ technology pioneered at the

Roslin Institute onDolly the sheeg. This work rekindled my interest in the human body a

3 First Aid Kit — In this undergraduateé®3/ear project in 1997 | explored an alternativeigteso the
consumerFirst aid kit'. The product consisted of a modular based apprémcustomising the kit,
consisting of a frame and transparent supply pdtiese pods could be inserted depending on the
purpose and lifestyle of the user e.g. sports podar pod and child pod . The pods could alsodssye
replaced when the supplies are exhausted.

4 Emotion Container — This self-directed final yeadergraduate project in 1998 resulted in the design
of electronic means of capturing the emotion ofesant or experience through image and sound. The
final product allowed users to capture multipletpies and add digital notes to the data which cbeld
shared among friends on the internet.

® Flash — A computer package design for the delivefyanimated content online. See link
<http://www.adobe.com/products/flastj/Accessed on 11/03/09].

% Computer-Generated Imagery (CGI) - A term genenadigd to describe a field of activities that apply
to computer graphics in film-making and television.

" The Roslin Institute <http://www.roslin.ac.tk|Accessed on 11/03/09] — An academic research uni
within the University of Edinburgh.

8 Dolly the sheep* the first animal ever to be cloned, developethatRoslin Institute the University of
Edinburgh.
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the biomedical sciences and resulted, in 2003,d@renrolling in the taught MSc in Animation

and Visualisation at Duncan of Jordanstone Coltdg&t & Design, Dundee.

At the outset of the Masters, it was my intentionetarn how to use the tools of the 3-D CGI
animator and to explore their application in Biométe. During this time | collaborated
with the department o€linical Radiology, NHS Tayside, Ninewells Hospig&alMedical
School, Dundee In particular, | worked intensively with thdagnetic Resonance Imagihg
(MRI) unit within the Hospital and Dr Graeme Housto This MSc work gave me the
opportunity to start to experiment with clinicablialogical data (such as MRI) and 3-D CGl

software packages, in this case Autodesk Maya

The outcome of the MSc was a series of experiméhlCGI visualisations exploring the
potential for combining clinical MRI data and 3-DGCtechniques. At this point in time, |
had limited understanding of the aesthetic langubgeng developed and its possible
implications to the field of computer visualisatiorhis early work and my determination to
explore the body further using 3-D CGI resultedimArts and Humanities Research Counc
(AHRC) (then called the AHRB) funding bid being sulied in 2004 (see appendix 8.1)

. . . . Appendix
This application was successful and the doctorakwommenced in October 2004. Appendix 8.1

My journey started in childhood, with Lieutenantckuin ‘Innerspace’ This thesis is a
continuation of this story through the eyes of avrmelot — myself, as author and artist-
researcher. In keeping with the original movie (Ejghis PhD has also turned out to‘ae

adventure of incredible proportions’

® Magnetic Resonance Imaging (MRI) — is a diagnostiansing technology that uses Magnetic
Resonance properties of human body tissue to gen&#atcross-sectional imagery.

19 Dr Graeme Houston — A leading UK interventional Rbmbjist based at Ninewells Hospital Dundee.

11 Autodesk Maya - Produced by the USA based comparigdesk this software provides computer
artist and animators with modelling, animation asaftware render tools. Maya is a professional
software package used international in feature,fillv commercial and video game production.
<http://usa.autodesk.com/adsk/servlet/index?sitédI3412&id=7635018 [Accessed on 11/03/09].




1. Introduction

3-D CGil provides the contemporary digital artisthathe tools and techniques to build virtual
sets and characters in the fields of film visudéa&b (VFX), animated features and video
games. In contrast, clinical MRI gives the medaysician a window into the inner body of
the patient through scientific instrumentation anddical physics. On the surface, these
professional fields do not converse and have littleommon; 3-D CGl is used to appeal to a
mass audience through popular entertainment, whelegacal MRI converses in a restricted
language, that of reductive science, in the purgudiagnosis and scientific truth. However,

both use digital technology as a means of visumithe invisible.

The foundations of modern medicine were laid indfghteenth century, with the arrival of a
new reductivephilosophical approach to knowledge. This brougtth it the ‘divorce of art
and science(Rifkin et al.,2006 p67); a divorce that would last into the twedinist century.
Science rejected interpretative views of the warndiavour of empirical modes of recording
the inner human body. This divergence was firshseemedical illustration through the
works of the Scottish anatomist William Hurlfeand then Henry Gray (Gray, 1916). The
development of scientific radiological imaging, relyn X-ray, in the nineteenth century,

followed by Computed TomograpHy(CT), Ultrasound and MRI in the twentieth century,

12 william Hunter (1718-1783) a Scottish born anatstmiho is best known for his work in the early
Obstetrics. Hunter is historically best recognided his book'Anatomia uteri umani gravidi(The
anatomy of the human gravid uterus exhibited irurkg) published 1774. Although, the actual
engravings in the book are drawn by artist Dutcimboedical artist Jan van Rymsdyk (1730-1789)

13 Henry Gray (1827-1861) an English Anatomist wheohvthe help of his colleague Henry Vandyke
Carter (1831-1897) first publishé@ray's Anatomy: Descriptive and Surgical’ in 1858.

14 Computed Tomography (CT) technology was also d@eeldn the early 1970s and predates the rise
of MRI. It is a cross-sectional scanning process tisas X-rays (as opposed to magnetic resonance) to
generate images of the body’s bone and tissuetsteudn comparison to MRI, CT is much faster in
scanning, however CT exposes patients to low dokeadiation and thus carries a greater health risk
CT imagery is also limited in its capacity to captsoft tissue, compared to MRI.



has further compounded this divergence, removirgy dttist's hand from the scientific

recording of the inner human body.

MRI technology was developed in the 1970s and edtelinical service in the 1980s. This
relatively new imaging modality produces monochraress-sectional images of the human
body that provide diagnostic information. Todaye tiise of MRI is widespread in modern
healthcar€ particularly in the developed world. MRI produggstures that have a singular
story line, that ofreductive science’They are principally constructed for use by clians

for diagnostic purposes.

Prior to the'divorce of art and sciencethe medical artist linked mind and body through the
humanist philosophy of Renaissance art as seeroik @f Flemish born anatomist Andreas
Vesalius®. This philosophical shift towards a more empiripatspective saw the role of the
artist change dramatically. Artists embraced thergigic thinking of the time. However, this
restricted them to imparting, through illustratidghe physicality of the human anatomy.
Ultimately, the move was one from mediating theeinbody to recording it. Today, medical
illustrators apply contemporary tools, such as tdigB-D computer animation software

packages to this same observation and recordiagiefice.

Since its inception in the 1970s3-D CGI has seen a proliferation of software hattiware

development. 3-D CGI artists now have access toktopssoftware and hardware

15 According to Hornak‘ln 2003, there were approximately 10,000 MRI unitsridwide, and
approximately 75 million MRI scans per year perfedn.” HORNAK, J. P. (2008) The Basics of MRI
<http://www.cis.rit.edu/htbooks/mri/> [accessed ®@B2008].. The major manufacturers include
Siemens, General Electric (GE) and Phillips.

16 Andreas Vesalius (1514-1564) - Flemish born anibwho arguably constructed the first printed
anatomy textbookDe Humani Corporis Fabrica Libri Septemil553.

1 From origins in American military and space reskawith early technical pioneers such as Jim
Blinn and Ed Catmull. James Blinn — Blinn a computéergtst based at the University of Utah Blinn
worked to the NASA Jet Propulsion Lab (JPL) propeteloping the now widely uséglinn shader’in
3-D computer animation. Edwin Catmull — A computeiestist who worked on the first ever film 3-D
CGil effect in the 1976 itFuture World’ live action feature film. Animation prior to thésarly computer
work had been a hand drawn traditional processdas individual 2-D cells coloured with Ink &



technologies, such as Autodesk Maya. These toabler8-D CGI artists and animators to
construct and animate completely virtual worldssereen for primarily film, television and
video game$. These virtual worlds consist of digital charastgerops and assets and may
combine live-action footage with CGIl. Using thesmtemporary technologies, 3-D CGI
artists working in medical animation have accesdasktop 3-D CGI authoring tools, which
only a decade ago, were the sole domain of thes l&tgllywood film studios (Boucher,

1995).

Medical animation and visualisation currently fuons within three areas. These can be
categorised asBiomedical Animation, Biomedical Documentaayd 3-D Visualisation in
Medicine.Of these three, two reside within the arts, and witkin the sciences. Broadly
speaking, the 3-D CGI artist working lmmomedical animatioris engaged in a broad range of
activities, including education for health professils, training for medics and
pharmaceutical drug presentation. Similarly, theeae-based narrative offered by the
biomedical television documentaprovides a form ofedutainmentthat engages a mass
audience in health science, through a dramatiateer Examples of this includ&ight for
Life’ (BBC, 2007)and‘Life Before Birth’ (MacDonald, 2005)roadcast on British television.
In contrast to this3-D visualisation in medicinprovides the medical professional with 3-D
images that are generated by medical scan insttat@m such as CT and MRI, for
diagnosis, medical training and education. Thesagem are used in areas such as Virtual

Endoscopy and surgical planning.

Together, these genres demonstrate that thergrimnang interest in 3-D medical animation.

However, taken as a whole, they suggest thatdiverce of art and sciencetontinues to

Paint. Together, Catmull’'s and Blinn's works challedghis status quo; pushing a new boundary by
using computers as means of creating screen baBed@l animated objects.

18 While film and video game a dominant markets fd» Gl there other note worthy user of 3-D CGl.
These include: Architecture visualisation, engiimegmproduct visualisation and the simulation field
(flight training her military applications) and oburse medical animation.



prevail in a contemporary context. For example, fietds of biomedical animatiorand
biomedical documentarynaking construct virtual models of the internal body stawe
through interpretation; interpretation of sciemtitnowledge as opposed to scientific data.
Their goal is to use 3-D CGIl as a means to comna@iwith a lay audience. However, in
doing so, 3-D digital medical illustrators continte serve science, albeit through an
interpretative approach. This approach adopts @aligesthetic that supports the reductive

(scientific) view of the inner body.

In contrast,3-D visualisation in medicineises 3-D technologies to achieve a seemingly
precise and scientifically accurate visualisatibrelmical data. This medical instrumentation
is highly advanced. It captures complex datasetisdisplay, in detail, the internal organs and
tissues of the human body, where these have nat $sen before. Furthermore, the images
produced are not generic representations. Theypatient specific and capture human
variation, rather than an idealised inner body mokewever, this imagery is locked in a
scientific aesthetic, which can only be decodedhwibnsiderable medical and radiological

understanding.

The underlying objective of this enquiry is to dditth whether there is value in combining
MRI data with interpretative 3-D digital artisanpapaches in the field of clinical data
visualisation. The introduction of arts-based méstions to diagnostic data raises several
critical questions. Firstly, can these two distispecialisms be combined? If so, what are the
implications of introducing interpretative CGI atutes such as light, texture and animation
to clinical data? How far can or should the 3-D CGfetist go from the origin point of the
data? And finally, what effect does the intervemtad the 3-D artist have on the integrity of
the final 3-D CGI artefact? These questions providdaseline for the research and a

departure point for the thesis narrative.



In the first instance, the thesis tests the apiptinaof 3-D CGI digital artisan processes to
clinical MRI scan data of human renal artery tisdnedoing so, the author links the MRI
scan data with the animation software program Maye primary technique adopted is the
‘Marching Cubes" algorithm found irMaterialise MIMICS? software. This work is initiated
and the pipeliré refined during a residency at Ninewells Hospitad Medical School, NHS

Tayside, Dundee, Scotland, UK over a two-year [gerio

Secondly, working practices in the field of 3-D C&lch as storyboarding, animatics and
final render presentation are utilised in ordecr@ate a working practice that might facilitate
a new aesthetic. At this time, digital artisan teghes such as lighting, texturing and
animation are applied to augment the clinical deth the aim of creating interpretive work
that starts to question the scientific aesthetic3iD medical visualisation. During the
evolution of the author’s practice, a series ohthe are identified as a means of creating and

driving new hybrid 3-D CGI works with different MRlata sets.

The creation of the author's 3-D CGl artefacts sthesemergence of visualisations that move
outside the‘voice of medicine’(Mishler, 1984). The author endeavours to blend his
interpretative style with the clinical data, reswdtin varying degrees of artistic visualisation
and anatomical clarity. The construction of thed2 GGl visualisations allows the author to

populate different parts of what he identifies, #emins, thebandwidth of interpretation’

19 Marching cubes - Built from 2-D scan slices, thistware algorithm generates surface patches, which
then build up a mesh, thereby forming the 3-D shafpen object. This algorithm is based on the wafrk
William Lorensen and his paper - LORENSEN, W. E. &IRE, H. E. (1987)Marching cubes: A high
resolution 3D surface construction algorith®CM Press.

2 MIMICS Software - software package that facilitaties thresholding, segmentation and 3-D meshing
required for making MRI or CT into 3-D geometry. MI®$S MATERIALISE (2005) MIMICS
<http://www.materialise.com/mimics/main_ENG.htmlActessed on 21/06/05]., made by the Belgium
company ‘Materialise’, specialises in rapid propatg techniques.

21 pipeline — A word in the CGI industry used to disza sequence of computer techniques or processes
to achieve an end animation, visual effect or dlgisset.



Ultimately, this inquiry is not about technical mration; it does not critique the software and
hardware used in 3-D CGI or medical visualisatioor does it seek to advance such
innovation, although new tools and techniques heeen developed along the way. The focus
instead is on bringing together existing technadegin the pursuit of convergence. The
author’s contribution in this endeavour is the psmn of a means of preserving the detail
captured in medical imaging whilst applying therative and storytelling capabilities as seen
in 3-D CGI. This opportunity for greater collabavat working is considered specifically in
the context of doctor-patient interaction, and plessibility of moving beyond thevbice of

medicine’in order to provide patients with a more holistisight into anatomy and disease.

Finally, this research is not a philosophical axatetical challenge to the empirical approach
adopted in clinical MRI. Instead, it recognises theit knowledge of the author, as much in
working in the medium of 3-D CGl as in the clinicaintext?, and is practice-led throughout.

This research adopts a multi-method approach wwerthe research questions. This involves
a literature review, the creation of 3-D CGI intepye works and two qualitative studies

interviewing patients and professionals.

The principal research method is the applicatiothefvisual practice. The author reflects on
this act of making by applying what Donald Schommig as théinsider knowledge'of the
process (Schon, 1983). This is used to help chatlemstablished medical visualisation

pathways and develop a ‘new’ pathway for the visatibn of disease.

The second significant method is the applicationtved qualitative studies. The first, a

smaller study, explores the reaction of individpatients to a variety of images of disease

= Through the experience gained during the authesglency at Ninewells Hospital and Medical School,
NHS Tayside, Dundee, Scotland.



and a DVD based animation of the conditienal artery stenosf& This study set out to gain
patient feedback on the appropriateness of 3-D &3& means of describing disease over and
above more traditional means of disease commuaitafihis work is undertaken in
collaboration with the Health Services Researchu@rat the Robert Gordon University,

Aberdeen, UK.

The second, and larger, qualitative study was uaklen solely by the author. The purpose of
this study is to gain insight into how clinical aadistic professionals view the integrity of

the author’'s 3-D CGI work. This allows the authorgain an understanding of the possible
contribution of his work to the field of diseaseswalisation and to gauge the validity of his

work through peer review.

‘Naturalistic Inquiry’ is applied throughout as a theoretical framewarka¢count for, and
preserve, individuals’ versions of reality (Lincodmd Guba, 1985). The findings of these
gualitative studies are closely examined, and tesub series of recommendations (see
Summary Appendix 8.10hat may support future work by the author and ottreative

practitioners entering the field of 3-D CGlI in meali visualisation.

The supporting written work documents this practem investigation. In Chapter, 2

Animation and Visualisation of the Inner Bodjought is given to the strengths and
weaknesses of thgiomedical Animation, Biomedical Documentarnyd 3-D Visualisation in

Medicine pathways. From this material, it is clear that gmd reductive science and lay
understanding is not a unique endeavour. Howekieruse of 3-D CGI appears to be locked
to reductive science, suggesting little scope foproved doctor-patient interaction. In a
departure from this reductive visual aesthetic,woek of five fine art based practitioners is

also discussed.

% Renal artery stenosis - A vascular condition tltaties due to a narrowing of the arteries that feedd
to the kidneys.



In Chapter 3,Doctor - Patient Interactionthe author explores the real-world context for
combining interpretive 3-D CGI with clinical MRI tha The limitations of current
information giving strategies for disease commuiicaand the'unremarkable interview’
(Mishler, 1984)are discussed. These help to inform the first (Eralfualitative study
undertaken with patients. Despite providing pdtiemith a clearer insight into anatomy and
disease understanding, in this study, the digitBl @Gl artefact has yet move beyond the
voice of medicineThe author concludes that this limits its potanto inform for a ‘new’

strategy for improved doctor-patient interaction.

In Chapter 4Evolution of the Practicehe author reflects on the process of making,thad
external influences, such as cinema, the naturaldwand traditional art practice that shape
his creative interpretation of the MRI scan dathisTiransparency of process provides the
reader with an insight into the building blockstb&é author’shybrid visual aesthetic. The
evolution of the author's practicesults in varying degrees of ambiguity and anatami
clarity. The chapter concludes that the 3-D CGI works ctkate interconnected, and should
be considered as whole, rather than functioningither the service of science or in the
gallery context. It also concludes that this rdftat on the practice provides amsider’s

perspective on the work only. This informs theamadile for the larger qualitative study.

The considerations taken into account in prepardto the qualitative study are captured in
Chapter 5)ntegrity: Qualitative Study, Design and Implenagian. This study is initiated in
order to gain insight intoutsiders’views on the integrity of the 3-D CGI artefactequiced.
Due to the open-ended nature of the research quest non-positivist approach is adopted,
applying what Lincoln and Guba (Lincoln and Gub283) describe a®aturalistic Inquiry’.

Quantitative approaches are also considered, howrese are deemed to be inappropriate.



This chapter continues with the rationale undelipignthe selection of participants, the
appropriateness of the semi-structured interviéw, location and process of the qualitative
study and the images selected for viewing. It @lsosiders the notion dfrustworthiness,
along with the data analysis framework informed Mitfes and Huberman’'s (Miles and
Huberman, 1994) five-stage framework for analy$iganscript data. This preparatory work
sets the scene for the qualitative study, the figsliof which are described in the following

chapter.

In Chapter 6,Integrity: Qualitative Study, Results & Findingbie author summarises the
clustering, mapping and charting of the transcdigta. The findings of this study fall into
three clusteredthemes;Notions of Integrityand Context, the Role of the Artist - Beyond
Translationand Visual Analogies — Storytelling-hese highlight where commonalities arise
amongst interviewees, raising questions for thé@uas to the integrity of hisew visual

pathway.

Ultimately, the transcript data suggests that ‘theorce of science and artholds strong.
Under Notions of Integrity and Contextie author finds that the artists see integrityaas
moveable and challengeable entity or concept, vaisetiee clinicians see image integrity as
proximity to a reductive reality. However, both gps express that image integrity is related
to context, and that to compare one modality, acMRI with another, more interpretive
modality, such as 3-D CGl, is potentially an inagptate comparison. Both groups feel the

3-D CGil artefacts have integrity, but in differeofe could say polarised, contexts.

In terms ofThe Role of the Artist - Beyond Translatitime author finds that responses are
varied, with no consensus amongst intervieweesnandiscipline specific responses. This
presents the author’s role ftux, suggesting that the pathwayd diversity of 3-D CGI

artefacts presented may encourage intervieweeset@ snulti-faceted role that is not easily



10

guantifiable. This suggests the possibility of avneindefined position, beyond medical

illustration.

The interviewees consistently uSésual Analogies and Storytellings a mechanism to
describe the 3-D CGl artefact. The transcript d&aws that many of the building blocks of
the author's aesthetic style, including cinema dhd natural world, are detected by
interviewees from both disciplines. This would segfgthat the visual aesthetic is a critical
component in how individuals interpret 3-D CGI \afisations of medical data. However,
medical participants found difficulty in interpnetj imagery that had drifted too far from the
‘voice of medicine’ They were unable to see beauty and function enstime image space.
This suggests that while there is an obvious agfitin for the author’s pathway in clinical
communication, there may be resistance to the tigevisualisation approach that challenges

the divorce of art and science.

The concluding chapter of the thesis brings togedheof the strands discussed in each of the
preceding chapters. It affirms the author’s origicantribution to knowledge and outlines
three possible strategies for the future developrm@nthe work. These include the
development of more interactive tools for real-wlopatient communication strategies,
further investigation into the role of tacit knowte and the potential application of the

author’s pipeline in other areas of scientific @ksation.
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2. Animation and Visualisation of the Inner Body

2.1. Introduction

This chapter analyses established approaches noaang and visualising the inner body
using 3-D computer technologies. Three areas irticpdar are discussed. These are
contemporary 3-D CGI in biomedical animation, aadiimaging/3-D medical visualisation
and arts-based interpretation of clinical radiotagjidata. Within each of these areas, notions
of accuracy, visual style and intended audience carssidered. These vary significantly
amongst the group. In describing the works produoethese respective fields, the author
highlights possible gaps in existing knowledge tt allow for exploratory work to be

undertaken during the research.

The author focuses on two strands of contemporady GGl in biomedical animation,
namely biomedical computer animatiorand the biomedical television documentary
Biomedical computer animation engages in a rangeactiities, producing interpretative
screen-based narratives for the health, educatidrpharmaceutical sectors. In contrast, the
biomedical television documentanims toprovide a form ofedutainmentthat engages a
mass audience in health science, through a dramatrative. The author analyses each of
these in turn, and identifies potential to growsthesthetic using clinical data as a starting

point for the visualisation process.

In contrast to this, clinical imaging/3-D medicalswalisation provides the medical
professional with images that are generated byrsegracquisition modalities, such as CT
and MRI. These 2-D cross-sectional images are piliyrdesigned for clinical diagnosis. This
data is also used to generate 3-dimensional vgaieins, as used in virtual endoscopy,

medical training, surgical planning and presentetid he author affirms that these modalities
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produce scientifically accurate imagery. Howevdng tvisual aesthetic is difficult to
understand, does not reflect reality and is rdstlido the eye of the trained medic. This

provides opportunities for the author in his owagice.

Lastly, the author considers the contemporary fare approach to interpretation and
visualisation of clinical radiological data for faly-based installations and artwork. While
the scientific value of this may be considered madj the author is interested in the
subversion of scientific data by the fine artisighlighted, as a means of articulating a ‘new’
body aesthetic using MRI. In contrast to the prdiduc of 3-D computer animation in
medical illustration and clinical imaging/3-D medicvisualisation, this fine art approach

offers a non-reductive body aesthetic.

Contemporary representations of the inner bodygudigital imagery have evolved from a
particular historical point in the T8Century. This starting point is describedramn-style,
and is a way of representing human anatomy thgtrespes style and interpretation. This
approach has encouraged the modern day 3-D meticsttator to conform to scientific
reporting of the body. The author challenges thppreach, instead suggesting an
‘...alternative way of seeing..(Ede, 2005 p.3) that communicates the internambay,

structure and form within the human body, rathanth reductive reality.

The concept of mediating our inner body is not ajue endeavour. This chapter concludes
by highlighting the opportunity for a departure fracontemporary approaches in medical
animation and visualisation, one that combines otadical scan data with the tacit
knowledge of the digital arts-based practitionenisTis suggested in response to the gaps
identified in current animation and visualisationdalities, in particular the bringing together

of arts-based practitioners and clinicians in piirsiia hybrid visual aesthetic; one that does

24 Non-style- A term coined by the art historian Martin Keniiprefers to an illustrative image style
where ornamentation and interpretation are minichisethe pursuit of a more true representatiorhef t
body.
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not bow to the'voice of medicinebut that challenges existing visualisation pagats in

pursuit of ‘new’ inner body aesthetic.

2.2.  Historical premise for the contemporary

The use of 3-D CGI in biomedical animation is atigkly new phenomenon with the advent
of affordable 3-D computer workstations and sofewiarthe late twentieth century. However,
while this field applies contemporary technologiesapproach follows the historic traditions
of the medical illustrator. The beginnings of toda$-D biomedical anatomical illustration
can be traced back to the eighteenth century ghphilosophical teachings of HufMand
his contemporaries where we see the separatioheobody and mind. This philosophical
approach to knowledge matches the advent of magedicine and the rise of what the art
historian Martin Kemp terms th&on-style’ (Kemp, 2000) seen historically in medical
illustration. As Kemp explainsthe draining of obvious ornamentation, stylishneasd
pictorial seductions from much institutionalisediesce occurs from the mid-nineteenth

century onwards...(Kemp, 2000 p.4); Kemp categorises this aestlastignon-style’.

Henry Gray’s (1827-1861) anatomy etchings are amgie of this early separation whereby
a ‘non-style’ is implemented with the exclusion of decorationd aminimisation of
interpretations. The image in Fig.2 is taken fr@Gmay’'s Anatomyand highlights this setting
of boundaries and labelling of terrain. The annotest provide the viewer with the language
of science with the labelling of regions, shadingd across-hatching of zones. Gray's
engraving depicts a simplistic guide to a humaméid providing a medical educational
textbook to 18 century doctors. Through its attempt not to cremtg ambiguity it is left
devoid of decoration and ornamentation and in thisy resembles an engineer's or

surveyor’'s drawing, absent of any context or pexrphinformation.

% David Hume (1711-1776) — Scottish born philosoplvep was a strong advocate for empirical
methods and positivist approaches to knowledge.



Fig.2 - Detail of Kidney, Gray’s Anatomy, 1850

Fig.3 — ‘Fetus in Utero’, William Hunter (Engravingy Jan van Rymsdyk) 1754

14
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Gray's period of medical representation saw ‘theorce of art and science(Rifkin et al.,
2006 p.67) through araversion to stylistic distortion’ Like many artists of his time, Gray
was true to the romantiideal of truth to nature’supported by John Ruskif’sviews of

‘scientific accuracy in observation’.

There are examples that predate the work of Grayyenqy the reductive description of the
body. The physician William Hunter's (1718-1783)engravings, primarily of a foetus in
utero, separate the mind and personality from tbéher. The engraving in Fig.3 illustrates a
dislocated form, the body (and foetus) viewed withdecoration or trappings of the humanist
perspective; the subject’s legs have been ampugategdvomb exposed, the mother becomes
utterly dehumanised as the flesh is peeled batkyers, revealing the child, like a complex
topographical 18 century map. The mechanics are exposed and thgeiisaprepared for

empirical discussion and dissection.

Historically the artist’'s approach to describing thody was not always driven by ideals of
the empiricist. In contrast to the birth of then-style’we see early medical illustrators of the
Renaissance embracing the decorative. The wotlkeoRenaissance humanist and Professor
of Anatomy at University of Padua, Andreas Vesal{li514-64) heralded an alternative
approach to mediating the inner body through imagér particular his seminal work,
entitled ‘De Humani Corporis Fabrica Libri Septen{The Fabric of the Human Body in
Seven Books), provided the first detailed publisaedtomy book in western medicine. The
images used in th®e Humani Corporis Fabrica Libri Septemtere designed dsids in

strengthening the memor{Rifkin et al, 2006 p.14).

% John Ruskin (1819-1900) - An architect, author aodt who was extremely prolific in the 19
century.

27 william Hunter (1718 — 1783) — A pioneer of moudasbstetrics and the early atlases of foetal
development and pregnancy. The engravings areebgrtist Jan van Rymsdyk (1750-1788).
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Fig.4 - ‘Skeleton in Landscape’, Andreas Vesals humani corporis fabrica, 1543

Vesalius believed in the humanist notion that insageuld embody an idea and offer
meaning beyond words. In contrast to Gray's Anatolgsalius was not trying to restrict

information and meaning to the physicality of thgams or anatomy. In Fig.3 the image acts
to both inform and leave the viewer with the coricep feeling ofmortality’. Rifkin writes

‘these figures openly mourn their own death anéwgithe passing of other@ifkin et al,

2006 p.16)
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2.3. Contemporary 3-D CGI in Biomedical Animation

The role of the artist as scientific illustratorepails in western medicine and has done for
many centuries, whereby the artist is commissioteedlustrate for his or her scientific
patron. This historical progression can be studiegermane research such d$e changing
face of medical illustration®® (Fallows, 1994):Human Anatomy: Depicting the Body from
the Renaissance to Tod&y{Rifkin et al., 2006) and more recently, thanatomy Acts?
exhibition held in Edinburgh, Scotland and its anpanying publication (Patrizio and Kemp,
2006). These anthologies identify significant tiistal landmarks in medical illustration,
highlighting the evolving role of the medical illwstor and placing the author’s practice and

research within an historical context.

Contemporary 3-D computer-based animation in télel fof biomedicine is a continuation of
this historical timeline, providing screen-basediddo illustrate the internal body. According
to Dijck®, computer 3-D animation and visualisation has jolexy artists with the apparatus
to ‘mediate’ the human body with imagery.

‘From the pen of the anatomical illustrator to thergeons advanced endoscopic techniques,
instruments of visualisation and observation hawdiated our perception of the interior

body through an intricate mixture of scientific @stigation, artistic observation, and public
understanding’(Dijck, 2005 p.4)

2 ‘The Changing Face of Medical lllustration’ FALLOWS, (1994) The Changing Face of Medical
lllustration. London, Royal College of Art. Fhis MPhil Thesis carried out at the Royal CollegeAdf
(RCA) in 1994 charts the raise of technology in Matlustration. Fallows lists in detail the hisizal
progression of medical illustration from ancienpig¢ion of the body to early computer graphicsha t
1990's.

2*Human Anatomy - Depicting the Body from the Resmice to Today’

RIFKIN, B. A., ACKERMAN, M. J. & FOLKENBERG, J. (2006)1tdm Anatomy: Depicting the Body
from the Renaissance to Today Thames & Hudsdrhis-book describes and illustrates the significant
illustrative works'...of the body from the Renaissance to today.’

30« Anatomy Acts’ -This exhibition held in 2006 in Edinburgh UK.explores the social, cultural and
scientific significance of anatomy in Scotland otlee last 500 years.” PATRIZIO, A. & KEMP, D.
(2006) Anatomy Acts, Birlinn.

31 professor Jose van Dijck — An established medéartst in the cross over between art and science
based at the University of Amsterdam.
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This ‘mediated’ perception as described by Dijck, has advancedti digital age with both
science and medical illustration using computelstém create, scan and visualise the body. In
the article'Picture this’ in the journal'‘Nature’ (Gewin, 2005), the medical writer Virginia
Gewin identifies computer animation in biomedicelesce as aNew-wave'niche. While
this notion of ‘niche’ could be partly true, there is evidence to sugd@:Bt computer
animation and visualisation by medical artists islegpread. In Mike De La Flor'sThe
digital biomedical illustration handbook’De La Flor, 2004)several biomedical areas are
cited where 3-D computer graphics are applied. @hieglude: ‘surgical explanation,
medical-legal, veterinary, patient education andlluder illustration’. In ‘The Guild
Handbook for Scientific lllustration(Hodges, 2003)we also see evidence of the trend to
move from 2-D traditional methods of illustratiam 3-D computer animation, with an article
by Mathews and Winkleman (Hodges, 2003 p.247)rggtiut a list of tools, materials and

techniques for the 3-D computer based illustratibscience.

The expansion of contemporary 3-D biomedical animnalhas been influenced partly by the
rapid growth of the 3-D computer graphic contentfiim, TV and video games. The
contemporary medical illustrator now has accescdmputer modelling, animation and
rendering software tools previously available awlyHollywood film studios just two decades
ago” (Boucher, 1995). Mathews and Winkleman describe piotential gains of 3-D

computer animation to medical artists and illustraias follows:

‘In 3-D animation, the animator acts like the diteccof a play. Animators are responsible for
building models and environments in 3-D space, mpstharacters and cameras, and
controlling lighting as well as other elements lire tscene.(Hodges, 2003 p.247)

32 The increasing power of computer hardware combimét a significant drop in unit cost of
animation software packages and hardware, has iragraccessibility to the freelancer and hobbyist.
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This control of the'scene’ as described by Mathews and Winkleman provided3iy
computer animation software packages allows théecgporary medical animator to build a

new vision of the human body aesthetic.

2.4. Biomedical 3-D Computer Animation

The medical animation firnHybrid Medical Animation’(Hybrid, 2005) demonstrates this
emerging styl&. This model of production involves computer anionatand artists being
hired to construct a narrative to communicate a ptexn medical condition, a surgical
procedure or the latest drug therapy. A stylisediva of the male torso produced Hybrid
Medical Animationshown in Fig.5, displays the bone and vessetttre under the skin. It is
important to note that this image is not a dirastalisation of live patient data but a visual

representation of an idealised male torso and aganoging anatomy.

Fig.5- 3-D Animations of a virtual human torso byktid Animations, 2005

33 Hybrid Animation Showreel can be viewed at <httgnyw.hybridmedicalanimation.com/[Accessed
3/06/05].
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Fig.6 — Promotional poster from Hurd Studios, 2008

Hybrid’s animations fit with Hodge’s definition dhe medical illustrator as artist in the
‘service of science’Similar visual styles can be seen in the workHofrd Studiod’, a
biomedical animation company with clients in theaphaceutical industries and medical
education. A sample of their work can be seen qé-iThe work of studios such as Hybrid
and Hurd is comprised of short 3-D computer anichatédeo sequences designed to
demystify new drugs or support medical educatiow, ia principally designed for a medical
audience. These are not the only two commercial pamies who provide this digital

animation. Further examples inclu@godigital System¢Biodigital, 2007) Primal Pictures

3 Hurd Studios - US based 3-D biomedical animationommercial company
<http://www.hurdstudios.com/pAccessed 3/06/05].
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(Primalpictures, 2005)EyemaginationgEyemaginations, 2008)Random42(Random42,

2007) NucleusindNucleusinc, 2008 and ZygotéZygote, 2007) to name but a few.

Many of these commercial companies reinforce thecept of the 3-D computer artist as an
illustrator of science. As previously stated, @stiand animators have conventionally been
commissioned by pharmaceutical companies, teadiisgitals and/or healthcare centres to
provide animation that communicates complex medicaharios. They may or may not work
closely with medical teams to meet the client hrigfoviding short narrative based film
sequences. This model of interaction provides kjghlity 3-D animated graphics to explain

complex medical principles.

Significant to this research is the application w$ual storytelling by 3-D computer
animation. The computer animator applies his ordven interpretation of the medical brief
to deliver a screen based didactic narrative. Taisative is built through supervision or
guidance from the medical team and the artist/atairigavision for the internal body. In the
case of the biomedical animation cited thus fae tisual style parallels that of printed,

educational anatomical material.

Similarly the narrative is designed for a professiomedical audience. The emphasis has
been on targeting medical training and educatidre [Ack of evidence of patient orientated
3-D work may be a result of economic factors ardc& of commercial opportunities; 3-D
computer animation is labour intensive and is espento produce and therefore to
commission. It thus follows that the types of aaion created tend to be funded by
pharmaceutical or medical device companies an@fiwer the material is targeted at medical

professionals.

While the majority of the work cited applies remetation and interpretation of the inner

human body using 3-D CGl, there are also emergiagles of companies using MRI in the
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production pipeline. One such example is the Bialigsystem®. Founded by artists John
Qualter and Aaron Oliker, the techniques used awiBital Systems focus on didactic
explanation and demonstrate how 3-D CGI can be edewgth scientific data and artistic
visualisation. The example image in Fig.7 showsapshot of a heart flythrough visualised
by Biodigital Systems using MRI data extracted friita publicly accessiblgisible Human

Project (See section 2.6).

Fig.7 — Heart Animation from MRI data, Biodigitay8ems, 2006

The work of Biodigital Systems suggests that these distinct specialisms (scientific
radiological scanning and interpretative 3-D CGlhde combined. The pipeline adopted or
developed by Biodigital Systems to facilitate thiking of expertise is not known to the

author. However, in terms of implications for thkigctoral work, the visual style used in the

3 Biodigital Systems are a USA based biomedical Visaion company focusing 08D animation,
interactive virtual training tools, anatomically aegrate 3D medical simulation (e.g, from MRI, CT,
PET), and medical information system$heir work is further demonstrated in the tragniBVD
‘Medical Visualization” QUALTER, J. & OLIKER, A. (2005) Medical VisualizationAlias.
<http://www.biodigitalsystems.comfAccessed 2/12/07].
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above example (Fig.7) remains diagrammatic andivelg simplistic. It could be said that
the visual aesthetic as seen here, despite theaagcof the physical movement of the
animation, replicates that of printed, traditiomakdical illustration, with basic rendering

techniques being applied in Maya.

‘Primal Pictures® has also started to explore how visualisationliofaal data might be used
as a means of enhancing their 3-D CGI approachamddical animation. The work of Dr
Vassilios Hurmusiadis at Primal Pictures on ti&ttal Heart Project’ (Hurmusiadis, 2007)
also highlights the possible benefits of extractifigical data for 3-D visualisation purposes.
The aim of this creation of a virtual heart does mmwever focus on the visual aesthetic; it
focuses instead on simulating the physical atteibutf heart movement and behaviour. This
too therefore suggests that commercial compan&sxgloring means of combining clinical
data with 3-D computer visualisation. However, énephasis to date appears to focus less on

visual style and more on technical accuracy.

As illustrated, Primal Pictures focuses on the tgreent of digital anatomy resources for
medical education and training (a sample imageh@ava in Fig.8). Their work adopts an
illustrative quality with the emphasis on medichdrity and accuracy. While the 3-D CGI
outcomes are technologically new, the visual gualiid aesthetic of this work is traditional
in its anatomy aesthetic. Also, Primal Picturespcan idealised approach to describing

anatomy that does not accommodate internal humaatioa.

% Primal Pictures — UK based anatomy company spstigliin resources for medical educators
<http://www.primalpictures.com/fAccessed 20/04/05].
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Fig.8 - Primal Pictures website image, 2008

In summary, biomedical 3-D CGI animators work tongrlife to complex medical principles
using 3-D animated computer graphics. The visuglestdopted by the commercial
companies cited above tends to be one of anatontigsairation with a heavily stylised
approach. This selection of style many be down twaber of factors, including resource
and expertise; many 3-D biomedical artists areldresers or small companies and do not
have the equipment or training to achieve the hmbduction values required for

photorealism. Also, client budgets may be relagiwehall, restricting production values.

In terms of audience, many of the works producedh®se largely American companies
would appear to be targeted at a professional aodién the areas of pharmaceutical
promotion and in the training of health professlerat a variety of levels. The use of 3-D
CGl in patient education and interaction would agwdamited. Again this may be linked to

where business opportunities lie.

From the material gathered there is an emergingofisginical radiological data in 3-D
biomedical animation. However, the application lofical radiological data seems limited to
research and development at both Biodigital SystemasPrimal Pictures, with little evidence

of its application in their core works. FactorsIsas cost, scan quality and restricted access
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to clinical patient scan data may all contributéhis. Again, this would point to opportunities

for scholarly research and development.

2.5. TV Biomedical Documentary

Examples of 3-D biomedical computer animation a&sithe domain of scientific
communication and education can be seen in TV deatany making (in this case UK
television). The biomedical documentary genre teiodse longer in time duration than the
biomedical animation already discussed, and isngfi@t of a mini-series; combining live-
action footage and 3-D CGI animated sequences.siMiiié 3-D CGI artists and animators
working in TV post-production are not known as neadlillustrators, they nonetheless make

a contribution to this field and its visual aesitet

The work of British-based 3-D CGl artist Richard tds®’ (Morris, 2005) is an example of a
stylised visual technique used to navigate theriboey. Morris is known for his work on the
British Channel 4 serié8ody Story 2'directed by Leanne Klein and Daniel Percival (Klei
and Percival, 2001) and produced in collaboratidgth ihe Moving Picture Comparfy
(MPC) in London.Body Story 2'is a heavily stylised vision of the inner body gmdsents a
‘CG’ rendering of the inner body with crisply rendebdaod flow and fly-throughs of human
cell division. Morris also worked on the BBC 2 damentary ‘How to build a human’
(Cohen, 2002) applying a similar visual style. Timages in Fig.9 and Fig.10 are stills taken

from moving 3-D computer animated sequences in ERidyy 2.

87 Richard Morris — A UK based 3-D CGlI artist who hasrked on several critically acclaimed TV
documentaries on the human body. The Jackals Fehg://www.jackals-forge.com> [Accessed
18/05/05].

%8 The Moving Picture Company (MPC) is a large Londasddl post production house. Their work
consists of feature film visual effects TV docunaeigs. <http://www.moving-picture.comAccessed
on 11/03/09].
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Fig.9 — ‘Body Story 2’ — Inside a 3-D CGI artery.radhada Television, 2001

Fig.10 — ‘Body Story 2’ - Overview of blood vess$el8-D CGl, Granada Television, 2001

In comparison to the works of Hurd and Hybrid, tthecumentary narrative and visual
aesthetic style adopted in the Body Story 2 séiest educationally driven. Instead, it offers

a more creative interpretation of the inner bodst e not fiercely tethered to hard science.
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The remit of the biomedical TV documentary is notydo educate, but also to entertain. This
phenomenon, often termeedutainmerif, simultaneously provides both education and
entertainment through the narrative of film, vidaogs, music, television and animation. The
TV biomedical documentary is a form eflutainmentproviding the viewer with a visual and
cinematic commentary on the inner body whilst amsparting health information. Although
it may be argued that the health information isimai, and the entertainment and drama

level is high, it still engages the audience dustbigh production value.

The cellular world depicted in Fig.9 and Fig.10highly interpretative and does not try to
conform to photographic reference. This absengehotorealism distances the viewer from
the inner body and the reality of bodily functiofitie viewer engages with the narrative with
their ‘suspension of disbeliéfintact, despite the images not reflecting realigr example

in Fig.9 the artist has depicted red blood cellsafiscale and too few in numbers to reflect
reality. However, to reflect the actuality of blofidw would have resulted in a saturated
image that was difficult to interpret for the lajewer. Therefore, the 3-D CGI artist has
applied his or her own tacit knowledge to the vistgle, building imagery that is distilled

from the medical principles.

%% Edutainment A technique whereby education is combined witkegainment through film, video
games or multimedia.

0" Suspension of disbeliefA phase coined by the English"8entury poet and philosopher Samuel
Taylor Coleridge. It is a phrase used to desclikevtewer’s or reader’s ability to believe in theth of
a piece of fiction despite the story, event, imaganimation being outside the bounds of reality.
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Fig.11 - Life before Birth, 3-D CGl foetus, Piond&noductions, 2005

A more recent example efdutainmentvas the documentafriife before Birth’ @lso known

as ‘In the womb’) directed by Toby MacDonald (MacDonald, 2005) witie 3-D CGI
completed at‘The Mill'*%. In this work, the viewer is presented with a highel of detail.
Production values are now driven by photorealisime Tmage in Fig.11 demonstrates the
high level of detail achievable in 3-D CGI. Thenfil broadcast in the UK, combines live-
action footage, 3-D CGl, physical prosthetic modeis 4-0? ultrasound imagery to depict
the time in the womb from conception to birth. Téesrious media are sequenced together

as separate moving images within the narrative.

MacDonald applies a strong photorealistic visuglesand adopts a mixed media approach,

which results in the line between reality and cotapgenerated imagery becoming blurred.

41 The Mill — A London based VFX post-production camy <http://www.the-mill.com/$Accessed on
8/02/09].

42 4-D Ultrasound — A process whereliyoppler Ultrasound’is used to image the human foetus in the
womb.
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Following the release of thiife before Birth’ documentary, art historian Martin Kemp
published the articlewwomb with a view?(Kemp, 2005)and raised the notion of honesty in
interpretation. Kemp was of the opinion that thewer was being deceived, arguing that the
line between the real foetus and the CGI versiam@@ear. In the article he suggests that 3-D
CGl should be mor&onest:

‘In an area of medicine where public feelings ruolently high, more honesty is required if
the contract of trust with the viewer is to be horeal. | should like to propose a law and a
consequent rule. The law is that the greater thik akailable for making utterly convincing
and seductive images, the greater is the poweroténtial deception. The rule is that the
more sophisticated the techniques, the greatdrageésponsibility for openness in explaining
how the images have been generated and where thegl ;1 relation to the raw data.’
(Kemp, 2005 p.147)

Kemp’s views are significant to any approach iniedgv3-D CGI biomedical visualisation.
The 3-D CGI artist interpreting the inner body hhe computer-based toolkit to present
photorealism and the potential to deceive the vieWke artist/flmmaker should make clear
what is computer generated and what is raw sciemtéta. This is not a question of what is

real and not real, but a question of setting ihibaundaries for differentiating between

clinical images and interpretive 3-D CGI.

In this particular case, the subject matter isipalerly emotive. While this doctoral research
is not focused on foetal scan data and any subsegigeialisation, iis concerned with the
visualisation of the inner body. 3-D CGI artisteegenting medical information have a
responsibility to differentiate between the synthand actual. In contrast tBody Story 2,
the seriesLife before Birth’has used photorealistic techniquesdeceive’the viewer (to use

Kemp’s term). This argument is of continuing siggahce to the author’s thesis.

The BBC mini-serie&-ight for Life’ (BBC, 2007) first broadcast in the UK in 2007,w&-D

CGI produced at Jellyfish PictufégJellyfish, 2007) demonstrates another examplhisf

43 Jellyfish Pictures — London, Soho based postymtidn company specialising in Visual Effects and
computer animation. <http://www.jellyfishpictures.ak/>[Accessed 17/012/07]
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documentary genre. This excerpt framllyfish Picturesdescribes all that the documentary
captures:

‘250 shots across six episodes...CGI recreationkide; how a heart attack would look from
the inside, a baby struggling for life in the worahd a journey even deeper into the body to
see how the human immune system fights againslydeadders.'(Jellyfish, 2007)

This product for mass TV viewing presents visugbtished versions of human disease as

shown in Fig.12 and Fig.13.

Fig.12 Child in ‘Fight for Life’, Jellyfish Picturg 2007

Fig.13 — Red Blood Cells - ‘Fight for LifeJellyfish Pictures, 2007
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The Guardian newspaper journalist Kate Bevan reflen the series in her articleight For
Life’: birth without the messy bit¢Bevan, 2007). Bevan states:

‘There was some great photography and innovativgswa presenting stuff that were
genuinely moving, but | hope future instalments areit less twee and coy and a bit more
engaged with the wonder of human life in all itsyggloriousness.(Bevan, 2007)

In Bevan's opinion, the language and narrative usetthis particular episode ofFight For
Life’ sanitised the process of birth. In her view, huneaperience of childbirth with its
accompanying struggle of pain, sweat and blooddt both in the high quality 3-D CGI and

in the gentle language of the narration spokerhbyattor Andrew Lincoln.

Brian Viner of the Independent newspajsealso critical of the series in his artidRcturing
of health was far from perfec(Viner, 2007). He describes the visual effects'sw
boating’ going on to say:lt means trickery without merit, over-intricatedtwork that does
not advance the cause of the team. A similar phenommars Fight for Life'Viner goes on

to make an additional point on the nature of theat@e:

‘But the "will-he-die-or-won't-he?" tease belongsthe likes of hospital-based dramas such
as ER* and Holby Cit§®, not in a documentary about real people, howeaply (or well
remunerated) they may have been to be filmed im swicken circumstances.’(Viner, 2007)

The use of clichés in the script is also raise¥imer as questionable:

‘Alan arrived at hospital on the day of his opeaatiwith a ticking time-bomb inside him,
evoking, for this viewer at least, the crocodild”eter Pan. No wonder he looked ill.’

Both journalists lament the quality and sophistar@f of the computer generated imagery. In

addition, Brian Viner believes that the narratigeunsound (Viner, 2007). Documentaries

4 ER — USA Television drama series set in the Emeg&vom (ER) of a fictional Chicago Hospital.
45 Holby City — UK BBC television drama series set iiiciional Bristol Hospital.
“8 The Visual effects ifright for Life created by Jellyfish Pictureon several international awards for

contributions to visual effects. These include: B®ssual Effects — BAFTA 2008, Award for
Outstanding Visual Effects - Visual Effects Soci2f08, USA
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such as‘Fight for Life’, ‘Body Story 2’ and ‘Life before Birth’ provide models for
communicating medical concepts using 3-D CGI. Thezudhentaries differ from the
biomedical 3-D animations as they provide more demparratives that extend over a longer

time period. In this regard, storytelling is cehtra

The application of cinematic and documentary stydesnbined with live action video
provides the audience with commentary. While thlssgumentaries endeavour to present the
facts, drama is used as a tool to engage the vigwmwever, as articulated by Viner and
Bevan, the drama used ‘iRight for Life’ and medical TV shows such &R’ and ‘Holby

City’ can provide a distorted and overly dramatic versibreality. It can also be clichéd.

When critiquing the merits of these documentaryngXas, it is important to consider the
scale of production. Documentaries of this styledtdo be commissioned by television
channels and therefore need to have an entertainvakere, rather than be purely educational.
They also command much higher budgets than thelljsmamedical education work of
Hurd and Hybrid. These higher budgets tend to tésuligher production values with greater
numbers of 3-D CGI shots present in the final filfaer example, the credit list f&fight for
Life’ includestwenty peopl& in the CGI production alone. As an individual striesearcher,

it is unlikely this number or level of shots andguctions will be readily achieved in the

doctoral timescale.

What is significant in both the documentary forrigliein and Percival, 2001) (BBC, 2007)
(Biodigital, 2007, MacDonald, 2005) and the 3-D rbadical short (Hurd, 2005, Hybrid,

2005) is the role of interpretation. These stylesvigle a model for artisan visualisation

47 The Jellyfish Pictures team oRight for Life’ consisted of the following artists and productiaff
(twenty-three in all): Supervisor: Philip Dobregp@ucer: Nicola Instone, Marco lozzi (lead lighting
and rendering TD), Matt Chandler (lead lighting aexturing — microscopic world), Jayson King (lead
animator), Antonio Mossucca (modelling, lightimgndering), Sam Howell, Katrina De Graaff, Gemma
Thomson, Conal Wenn, Didier Muanza, Mark Dochertgwidrd Bell, Matt Johnstone, David Feullaitre,
(animation), Sam Meisels, Ben Perrott, Dave Grigfithrthur Broome, Dom Halford (compositing)
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whereby the'tacit knowledge’of the artist is applied to visualise the innedypdor a lay
audience. The 3-D CGI artist uses the computewsoft and hardware technologies to
generate the imagery, but only as a tool to fatditheir own or the director’s vision for the

script.

Summary

In summary, the 3-D biomedical animation and ilagbn pathway primarily translates
complex medical principles and often invisible baphaces into 3-D screen-based imagery.
The examples cited do not primarily incorporataichl data into the production pipeline of
animation. However, we see the emergence of somameocial biomedical animation
companies exploring its potential application iritlrespective 3-D CGI pipelines. This use
of a predominantly interpretative approach to 3iBmedical animation often results in the
complexity and detail of human body tissue beingsed or not exposed. The imagery is a
representation not a visualisation. In the casbeanfy anatomy, this results in a default or
idealised body anatomy, preventing personalisedrimition being presented. Human
anatomy and physiology is not all the same; ouasgvary in size, shape, internal make-up
and response to disease, which is captured bycaliminagery, but rarely seen in medical

animation.

This presents an opportunity for the developmerd néw pipeline that incorporates clinical
data with visualisation and interpretation. Thightiallow for visualisation of areas of the
body that otherwise would not be seen and wouldliffecult for the 3-D CGI artist to
construct without significant medical knowledge. étging companies such as Biodigital
Systems and Primal Pictures are starting to exploeepotential of this hybrid approach.
However, it appears from the literature that therédmited utilisation of MRI data in this

commercially focused activity.
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The stylised form seen in the interpretative 3-Dnpater medical animation distances the
viewer from reality; this lets the lay audienceparticular understand the complex medical
principles being explained. However, over stylisatundermines the significance of the
subject matter. This provides an opportunity fa@ing clinical MRI data as means of
enhancing the clarity of a 3-D CGI interpretatiygpeoach. This application of a hybrid
approach raises ethical considerations — where @2<CGl start and the medical
representation end? Again, this provides an oppiytdor scholarly investigation into the
responsibility of the digital artist and how far lee she combines clinical data with

interpretative 3-D CGl.

2.6.  Clinical imaging and 3-D medical visualisation

The second significant category seen in visuatisatif the human body is that Glinical
imaging and 3-D medical visualisationThe termclinical imagingis a reference to the
acquisition of data, gathered from CT, MRI, Ultrasd and Positron Emission Tomografthy
(PET). These modalities of contemporary clinicabgimg apply a non-visible spectrum
(radio waves and X-rays) to capture cross-sectionadje slices of the human body. The term
3-D medical visualisations a reference to the post-processing of the dedqaiged during
scan procedure. For the purposes of this contertuaw the focus will predominantly be on
the acquisition and subsequent visualisation of MRia taken from patients with arterial

disease.

48 PET - Positron emission tomography — Imaging tepes used to capture human metabolic
information and is used alongside MRI and CT scanmndalities.
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MRI Data Acquisition

Magnetic Resonance Imaging (MRI) consists of adaBupra’ cooled magnet that is of
sufficient strengtf? to influence the way in which the atoms in our ilesdbehave. The MRI
scannef’ uses this powerful magnetic field and radiofreqieto generate cross sectional
images of the body tissues and fluids. The sequemdeacquisition, applied by the
radiographic operator (radiographer), provides atput of 2-D cross-sectional slice images
that representT1 weighted’, ‘T2 weighted’ and ‘Proton density alged’ imagery In the
case of imaging of fine structures such as blo@beis, this weighting is combined with a
contrast agent (Gadolinium) that is injected ifite patient. This MRI sequence results in the

capture of unparalleled imaging of the human vascsystem.

The image in Fig.15 illustrates this type of cresstional MRI data. In this case, the image is
of the author’s brain across thirty-six slices. Timage in Fig.14 is a Sagittalview of the
author’s brain, again imaged in a sequence. Thdésén2ages represent the purest image data
outputted from the scanner. These are the stgoting for any diagnosis for a radiologist and

can be viewed on a computer monitor or printed emdical film for viewing.

4% The magnetic field in MRI ranges from 5,000 gau$0;000 gauss which compares to the earths 0.5
gauss magnetic field.

0 The scanner used for this research$emens AvantMRI located at Ninewells Hospital.

1 The sagittal plane describes a view that runalighro the sutures in skull running front to battk
generates an image that splits the body into agltleft halves. The image in Fig.14 is a sagifiglv.



Fig.14 — MRI sagittal image of the author’s brallghn McGhee, 2005

Fig.15 — MRI axial images of the author’s brainhdoMcGhee, 2005

36
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3D Medical Visualisation

Due to increasing computational power availablecamtemporary computer visualisation,
MRI data can be post processed into 3-D screerdbiaszgery. Diagnostic 3-D technology
currently varies from the proprietary systéfsuilt into the MRI and CT scanning hardware,
such as Siemens Leonardo (Siemens, 2005) and Gantaye WindowgGE, 2005) through
to stand-alone software applications, such as Va8ka(Barco, 2005), MIMICS (Materialise,
2005) and OsiriX (Osirix, 2008). The image in Fig.16 is an examyfla post-processed 3-D
volume* visualisation compiled in Osirix of the author'salm from the 2-D clinical MRI

cross section data as seen in Fig.14 and Fig.15.

These types of 3-D digital visualisation technigireslinical imaging continue to have an
almost exclusively diagnostic focus. Konig’s thesasegorises 3-D medical visualisation into
three ‘Special Applications’(Konig, 2001), namelyVirtual Endoscopy, Surgical Planning
and Medical Training’ Virtual endoscopy uses the clinical data, primaCT, visualised in
real-time for on screen simulation of the insidetaf arteries (Virtual Angioscopy), the colon
(Virtual Colonoscopy) and the trachea (Virtual Brbanscopy). These are virtual 3-D fly-
throughs designed to assist in diagnosis and helglinician plan any surgical intervention.
3-D visualisation of clinical data used in surgigdhnning is similar in application to
endoscopy whereby 3-D visualisation is used as anmef planning complex surgical
procedures. This might include areas such as amgasplantation, or in recent cases, the
separation of two conjoined twins where bone anddlivessels have to be mapped and then

cut (Davis, 2003).

52 Proprietary systems — In-house software progranonsgstems that are not generic or off-the-shelf.

53 Osirix is a software package that allows 2-D MRI, @PET data to be viewed and visualised in 3-D
Osirix <http://www.osirix-viewer.com/$Accessed on the 24/08/08].

54 Volume 3-D reconstruction - The first and most dmmt technique for 3-D reconstruction in
medicine is Volume reconstruction using Pixels and Voxels extradtedh 2-D image slice data. This is
a relatively quick and le€Zentral Processing UnfCPU) intensive approach.



Fig.16 — 3-D Volume visualisation of the authorksils and brain, John McGhee, 2005

Fig.17 — Image of the 3-D Visualisation of the idal, Wired Magazine, 2005
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The image in Fig.17 is one such example, whereolagists and surgeons have worked
collaboratively to use 3-D visualisation as a meafbuilding a virtual version of patients’

skulls and blood vessels.

Training is the third of these applications, whelaa is visualised for the education and
training of health professionals. This generallyppens in three key areasnatomy
education endoscopyand surgery Again, 3-D visualisation is being used as a tfmol

visualisation prior to an intervention on a redigyat or cadaver.

There is a fourth field that is not directly applien day-to-day clinical operation but still
contributes to 3-D visualisation is that of funaé MRI (fMRI). fMRI is the imaging of
brain activity designed to pick up areas of oxydgedablood and deoxygenated blood as it
flows through brain tissue. fMRI is a techniqguedifequently in neurology and psychology

research. It provides further insight for sciestisito the physical nature of human thought.

Both clinical and any subsequent 3-D visualisabbmedical scan data is designed to render
the body transparent and allow scienceste’ and‘map’ the body. As Dijck calls it, the
‘...mechanical-medical eye..(Dijck, 2005 p.7) allows the body to be exposedeirer
increasing clarity whether it be in 2-D or 3-D. Hewer, this ability to see more detail does
not necessarily equal increased understanding. ‘Meechanical eye’provides detailed

images, but interpretation requires significant ams of knowledge.

Medical interpretation of the body is but osieeamof visualisation, representing the body
using a set of protocols and attributes embeddedscience e.g. MRI. Radiological
instrumentation describes disease in the langubgeience; abstract, specialist and separated

from the body. In effect these images are encodehferpretation by clinical radiologists.
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Fig.18 is an example of the type of arterial MREaes produced by the scanner The MRI
scan shows a black-and-white 2-D rendering of tln@dn aorta. This image communicates
little of the functional and positional informatigmertaining to the anatomy for the lay
audience. The bright white central path situatethan centre of the image visualises blood
flow as it passes through the aorta and splittinth@Renal Arteryand then femoral artery.

However, the imagery captured by scientific instemtation is a representation of body
space. It is not truly a rendering of anatomy, datanslation of the body by the reactions of

the tissues to the magnetic field of the scanner.

Fig.18 - MRI 2-D scan of the aorta — Dr Graeme Hous Ninewells Hospital, 2003
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Fig.19 - 3-D visualisation of MRI Renal Angiogrardr Graeme Houston, Ninewells Hospital, 2003

The image in Fig.19 is a 3-D visualisation of ddledata taken from 2-D MRI data,
visualised in 3-D usin@sirix (Osirix, 2008)software. Both kidneys are visible on the right
and left of the image with the aorta in the cemfeahe rendering. Although this is a 3-D
image it says little to the untrained eye. Aga information is encoded in the language and

aesthetic of clinical scientific imaging.

This radiological imagery attempts to break the ybadto pieces thus reducing it to
understandable components, in the spirit of tridueBonism. Empirical science sees the
‘body as machinea concept put forward by Descarfesnd Bacorf and which still
underpins the dominant reductive paradigm in mediciRosen argues...science is
currently locked in the grip of a Cartesian traditi that asserts that organism is machine’

(Rosen, 2000 p.297).

% Rene Descartes (1596—1650) — French Philosophesemvork forms the foundation for much of
early modern scientific philosophy.

%8 Francis Bacon (1561-1626) — English philosopheirtethe early approach to reductive and rationale
approach to science.



42

Scientific medicine sees the body as a machineewace to be maintained. If the body
presents issues that deviate from the norm theegsanal will remedy this just as an
engineer would fix a car engine. Imagery producgdab MRI scanner therefore assists

diagnosis in an attempt to see the physiology efake and the working of the machine.

For the author as an artist-researcher visualigiaghody and working with radiological data,
this separation of the body from the mind is oevahce. The philosophical standpoint that
follows on from this mind-body separation is to thelusion and minimisation of the artist’s
role in visualisation, the artist becoming merelgamduit for the distribution of a scientific

version of events. It could be argued that anigtar endeavour would be better suited to

closing the gap between body and mind, using 3-DtG@&cilitate this reconnection.

3-D Volume visualisation in teaching and research

There are further examples of 3-D volume visualsabeing used as means of creating
publicly accessible anatomy teaching resourcesseas in the'Visible Human Project’
(VHP)*". The VHP, distributed by the US National LibrafyMedicine in 1996 (NLM, 2004)
attempts to bridge the gap between the radiologitaisical and anatomical by introducing a
new anatomy resource. The project, now completeghved the digitisation of a complete
cadaver. The digital cadaver was then made avail&dil download on the World Wide
Wel®. The image in Fig.20 shows a 3-D rendering ofdiwgtal cadaver. Several academic

institutions use the data for teaching and reseaucposes.

57 Visible Human Project — Funded jointly by the UShgress, the Nation Science Foundation and the
Centre for Human Simulation — University of ColoradtA. The project was primarily designed for
medical educators as a training resource. The \fidBlved 1,872 individual wafer thin cross-sectional
slices of an actual human body being combined Wil and CT scan data to generate a 3-D digital
cadaver

%8 The data is a available at <http://www.nlm.nih.lesearch/visible/visible_human.htm]Accessed
on 20/04/04].

%% One of the major institutions involved was the Hamy-Eppendorf University, which developed the
Voxel-Man <http://voxel-man.de/fAccessed on 21/06/04], and a series of anatortiigahroughs’ for
educational purposes.
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Fig.20 — VHP Male Cadaver <http://www.nIm.nih.gov/resdsdvisible/visible_human.html[Accessed on
20/04/04], 2007

Although groundbreaking, th&/isible Human Project'has been limited in its success for
education and training (Imielinska and Molholt, 8R0Imielinska and Holholt's paper
‘Incorporating 3D virtual anatomy into the medicalrriculum’ highlights the complex
nature of translating a vast resource like the Mitfa set into the educational context.
Imielinska cites two major barriers, that of thechnological task’and the'pedagogic task’
(Imielinska and Molholt, 2005 p.51), meaning fiystthe technical hurdles to access to good
3-D models and secondly, the design of the mutimenethods for delivering that material
to students. It appears from the literature that\hP project did not fully address the needs

of education, assuming that data alone is enougimfoarting anatomical knowledge.
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Summary

In summary theclinical imagingand3-D visualisationin medicine is designed as a tool to
support medical professionals in diagnosis, plagmrand training. It is a machine-based
reductive form of instrumentation that is contrdllevith interpretation minimised. This MRI
imagery is absent of style based on reductive watuel automated scientific protocols. The
3-D visualisation of data has some interpretatippliad but is an automated and measured

process, designed to minimise human intervention.

The images themselves are designed to be underatmbdgiewed by highly trained clinical
staff. The language of the images does not trulgaeany photorealistic version of reality,
but a medical physics based version translated fromeach of the atoms in the body tissue
behaves. Therefore, lay or casual viewers canualytéiccess and understand the data, without

significant medical knowledge.

While the acquisition and visualisation of MRI dafenerates an image that is difficult to
understand for the layperson, it collects unsugzhsdetail of internal body tissues. The
medical gaze of MRI sees deep into the body, exgosihat would béinvisible’ to the
visible spectrum. This clarity of vision and veiifyg of data while encoded could potentially
inform and take the viewer to places previouslyeemsand unexplored. In comparison to the
more interpretative approaches seen in 3-D CGI atiim, it offers the scientific clarity and

detail that is difficult for the 3-D CGI biomedicattist to achieve on his or her own.
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2.7.  Arts-based interpretation of clinical (radiolo gical) data

There are individual artists who do not confornthe artist-as-illustrator of science model,
and represent an alternative perspective. Thesalvjzractitioners go beyond the current
notions of visualisation and representation of MRta. These individual artists are not
necessarily concerned with communicating functicasgects of the inner body. The work
they produce is not intended for clinical or diagti® purposes, but for providing an
alternative way of viewing the inner body for exppos. Sian Ede, the author (Bcience

and Art’ describes this approach as beyond the didactic:

‘Artists don't ‘do’ prettification, product or progganda for public understanding of science.
But they can engage with it and create images, lwkigggest alternative ways of seeing’
(Ede, 2005 p.3)

Ede discusses this reflective and experiential@sgeartistic thinking:

‘If art is ‘about’ anything, it is a reflection ohuman experience in complexity and it

emanates from an inventive individual with an umlsand sideways view on things,
communicating with vigorous, visual acuity and datiits intellectual content(Ede, 2005

p.3)

The role of the artist as described by Ede canmithje producing imagery faoroduct or
propaganda for [the] public understanding of sciehc Ede suggests that artists have a
responsibility to produce images and artefacts pinesent an alternative way of seeing the

world.
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Justine Cooper

An example of a fine-artist who provides the vieweith an alternative way of seeing
medical data is Australian artist Justine Co8per Cooper's work explores the
‘...Intersections between culture, science and meelici (Cooper, 2006), she works in a
range of formats including...animation, video, installation, photography..What is

relevant to this research is Cooper’s work with ioa@ldscan data - in particular her work with

MRI.

Fig.21 - ‘Reach’ - Justine Cooper, 2000

80 Justine Cooper <http://justinecooper.corecessed on the 3/03/06].




Fig.22 - ‘Trap — self portrait’ Justine Cooper, 1998
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In her sculpturesReach’ and ‘Trap’ Cooper builds a 3-D picture of MRI data using glass
sheets. As shown in Fig.21 and Fig.22, Cooper bad the MRI data to represent the digital
format through sculpture. These glass sculpturevigualisations of MRI data acquired from
Cooper's own body during a scan, Cooper descriloes $he was driven by.translations
(and) transformations...in creating each artwork. She articulates beirtgrésted in the

conversion process of organic human form to theéaljgised in MRI scanning.

Cooper describes the workrap — self portrait’as follows:

‘In the resulting physical work | attempt to retasome of the ephemerality of that earlier
translation into digital space, some of the obstyuf the cipher, while offsetting them
against the apparent tangibility of the body. lastef a simple dichotomy between invisible
and apparent, virtual and physical, continuity asidplacement, an attempt at a less distinct
or concrete disclosure is being made where the lgggomes the viewer's spacéCooper,
2006)

The artist's exploration of the gap between wisible and apparentprovides the viewer
with a set of questions and the distance for imeggtion. The intention is not to communicate
the anatomical data from an educational perspebtiv¢o articulate theangiblenature of the

body. Cooper’s work providealternative ways [to] seethe body and poses questions in the

mind of the viewer.

Cooper’s work is not intended for communicatioranatomical structures, its primary goal is
to present the artist's view of the body. This wprkesents an alternative aesthetic approach
to visualisation and should be acknowledged in stngtegy to visualising data. While the
visual media used by the author is CGI and not iphl/sculpture, the concept of providing
the viewer with an alternative body aesthetic lsevant, as it stimulates areas of discussion

and thought that more didactic pathways neglect.
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Angela Palmer

Another example of a fine artist working with MRIGACT data is the UK based artist Angela
Palmer. In a similar fashion to Cooper, Palmer usmm data of her body combined with
glass sheets to build an alternative self-poraagthetic. The artist engraves or drawgo

multiple sheets of glass, layer upon lay@almer, 2007§enerating a unigue visual aesthetic

of the inner body. The image in Fig.23 illustradeself-portrait produced by Palmer in 2007.

Using these multiple layers of glass Palmer expdbes ‘...expose the extraordinary
architecture of the internal human fornfPalmer, 2007). In a similar way to Cooper, she is
reacting to what shsees’as the artist. What is significant about Palmerisk is the notion

of ‘extraordinary’ (as she describes), the imparting through her wbitke architecture and
complexity of the MRI data. Like Cooper, Palmer mewbeyond the didactic, expressing her

interest in the internal complexity of her own body

This approach to exposing thextraordinary’ nature of the inner body’s architecture may
resonate outside the field of fine art practicee MiRI data contains more than just diagnostic
data, providing the artist with a detailed map e body, which can be interpreted in the
particular artist’s media and style. The significarof both Cooper and Palmer’s work to this
thesis is their use clinical data for their own ®atid self-expression. This augmentation and

interpretation of the clinical data provides yetter possible model of visualising the body.



Fig.23 - ‘Self-portrait’ - Angela Palmer, 2007
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Kai-Hung Fung

The exposure of the internal architecture and fofrthe body can be seen in the visual work
of the Hong Kong based practicing medical doctat anist Kai-Hung Fung. Kai-Hung Fung
has captured a series of 3-D CT images of the huskaleton structure. His article entitled
‘Art Using 3D Computer Tomography: Extending Radjglinto the Realm of Visual Al

the journal'Leonardo’(Fung, 2006) describes the transition from clinidaia into the realm

of visual art; the images exposing the visual harie®present in the body and expressing the
clarity of medical equipment used in capturing theta. Fung searches for pattern and
symmetry amongst the structures present withirCthedata rather than communicating more
anatomical information. The images in Fig.24 shawegample of Fung’'s reconstruction of

the pelvis and rib cage.

Fig.24 - CT 3-D data, Kai-hung Fung, 2006

Whilst this provides an alternativeray of seeingit also delivers an image from a positivist
perspective. There is no augmentation or subversidghe data for artistic ends; the images
instead are true to the scientific CT starting poivith little or no obvious doctoring of the
data. Kai-Hung Fung using volume visualisation téghes in a similar fashion to that of the
‘special application’ seen in radiological 3-D diagnostic visualisationhe work is

celebrating the architecture of the body, but thlothe lens of the medical image. This
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limited artistic intervention provides an alterwatipathway accepted by science as a means
of exploring beauty within the body. The images @nee’ to their scientific origins and
therefore their visual quality can be verified. §imay provide the viewer with reassurance
that the image is based on scientific truth bus¢hienages have no anatomical reference point

or narrative to guide the viewer.

Susan Aldworth

The work of Susan Aldworth (Aldworth, 2007), an artist printmaker based ie 0K,

demonstrates another perspective or view on MRd.dat Aldworth’s own words her work
‘explores the nature of consciousneski her work‘Brainscapes’ (Jarvie, 2007 p.13)
illustrated in Fig.25, Aldworth produces 3fery intimate portraits’of patient data. Inspired
by her own encounters with a potential brain tuméddworth ‘engaged with the technology

and the subject matter’.

The MRI data is augmented and reflects a persoqareence much in the same way that
Palmer’s does. Aldworth reworks the medical dathases it as a vehicle for self-expression.
In the print'‘Brainscape’Aldworth creates a series of augmented MRI scan slices tafkesr

own brain, echoing the self-exploratory naturehefworks of Palmer and Cooper.

51 Susan Aldworth <http://www.susanaldworth.corffecessed on 6/02/08]




Fig.25 - Susan Aldworth — Brainscapes, 2007
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Fig.26 - The Heart Edition — Dr Jane Prophet, 2007

Jane Prophet

Professor Jane Prophet (Goldsmith University, Lode yet another example of an artist
and researcher who has visualised MRI data fostartendeavour. In collaboration with
cardiothoracic surgeon Mr Francis Wells at Papwébrard Hospital, Cambridge, Prophet
has developed a series of sculptures and videalletgn. In these works, Prophet explores
the notion oftransplant’ and organs a@sommodity’through the presentation of the heart as a

preciousmaterial constructed from MRI data.
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As illustrated in Fig.26,'The Heart Edition’ was technically produced usingapid
prototype®® technologies to convert the MRI data to physicainfoThe artist’s websitd
describes how shisubvert[ed] the functionality of an SLS Rapid mtyping machineto
construct a 3-D model of the MRI heart data usialgl geaf. Prophet’s piece differs from the
previous MRI self-portraiture we have looked atjvady challenging our perception of the

inner body and its place in society.

The examples of Cooper, Palmer, Aldworth and Proplghlight manyalternative ways of
seeing’'the internal body through augmentation of MRI sdata. These artists offer a model
for working with MRI data not founded in reductiveews of the body. In fact, they actively
subvert and modify such views. The artist’s vogaliscernable in their visual response and
personal aesthetic. In contrast, Fung’'s model ofking keeps the visual grounded in the

aesthetic of science.

These arts-based examples demonstrate models &fngadhat provide space for dialogue
between the imagery and the viewer. However theseksvdiffer from any clinical
visualisation, being primarily designed for a gallsetting rather than a clinical context. The
question posed by the author is whether a simparaach can be used to develop alternative,

non-diagnostic imaging within the clinical context.

Summary

The work of Prophet, Cooper and Palmer is not covexk with scientific accuracy when
augmenting or representing data. Their aim is twige an alternative use for the data in

their chosen medium. The visual styles vary dracadyi with Cooper and Prophet applying a

%2 Rapid Prototyping - A process whereby Computer Aiflessign (CAD) data is used to build a
physical model

8 Jane Prophet <http://www.janeprophet.co.lecessed on 6/02/07]
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sculptural and installation aesthetic, and Palneeisg a 2-D etching process on glass. These
artists use their works to question how we seebodies, with no interest in adhering to the
reductive'voice of medicine’ Their works are designed to be viewed primarilyhe gallery
space, although it is clear that the screen-basetk vand sculptural work could be

disseminated outside the gallery.

The examples cited have applied no 3-D CGI techesglnstead, they use other methods as a
means of augmenting the data, such as video ansigathymaterials to realise their works.
These artists also apply traditional materialshsas glass, or work directly with the 3-D
visualisation volume data, incorporating this dileinto their installations. Based on these
approaches, there is an opportunity to use 3-D @EGhniques to augment the data for

visualisation purposes.

The works of all the artists discussed are notdasecommunicating disease or anatomy but
on the artist’'s personal philosophy. This is notragicism of the works, but merely the
defining of the work’s boundaries for disseminatitinis clear that this type of visualisation
could not be applied in any clinical diagnostic teot. However, could the general approach
of challenging the medical image aesthetic be agpbeyond the gallery? The author
suggests that alternativways of seeingand visualising medical data may have a place in

clinical care.

2.8. Summary

The focus of this chapter has been to establisfecumodes of mediating the inner body
through clinical imaging, medical visualisation aBeD CGI. This is important, as the

intention of this thesis is not to replicate wohlat has already been completed in this field,
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but to acquire a picture of tHeerrain’®

(Gray and Malins, 2004). Artists, scientists and
engineers have developed a variety of visual méarismaging our inner body. However, the

author argues the need for an alternative model.

In the works ofHybrid AnimationsandHurd Studiosanimations and highlighted through the
genre of‘3-D biomedical animation’ This field reinforces the notion of the artist-as
illustrator of science, providing animation shostsmultimedia tools in support of anatomy
education and commercial presentations. The 3-D &@hations cited (Hurd, 2005, Hybrid,
2005) demonstrate this service of science witlelidvidence of progression into patient
education or alternative approaches to the viseathetic. The work of Primal Pictures
(Primalpictures, 2005) and Biodigital Systems (Bgital, 2007) illustrates 3-D CGlI being
combined with MRI data. However there has beenmahiattention paid to the visual quality

of this work.

The use of documentary making as a means of engagdiay audience through television is
also recognised as a model for mediating the irbedy and disease. The biomedical
documentaries cited demonstrate a narrative basstlanused to convey disease, anatomy
and physiology to a lay audience. These exampléiseuedutainmentas a mechanism of
imparting complex biomedical information to telewis viewers. This strategy for rendering
the ‘body transparent’(Dijck, 2005) through the use of drama and enteni@nt may raise
ethical questions. However, the author arguesttigatbility to engage a lay audience through
entertainment is still valid, particularly in patte education. The large scale of TV
documentary production is also mentioned by tha@utas a factor inhibiting his ability to

pursue and replicate this line of inquiry.

What is significant about the 3-D CGI biomedicatdmentary is the application of the 3-D

CGI artist's tacit knowledge in the creation of uas screen-based imagery. Under the

% The termfmapping the terrainis used by Gray et al. to describe the doctotedture review.
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supervision of the series director, artists gathfarmation from medical professionals and
photographic references to generate ‘thery’ of disease and the inner vision of the body.
This use of the 3-D CGI artist’s tacit knowledgeulcb be applied more directly in the

visualisation of clinical data.

In contrast to these interpretative approachesliqgnostic eyes of science provide imagery
that excludes interpretative intervention. MRI scatiow medical practitioners to see deep
inside the body using instruments that functionsiolgt the human eye’s visible range,
creating an image based on a reductionism wherédlg and mind are separated. Disease
becomes a mechanical bodily malfunction recordednbgical imagery to be measured and
resolved through reductive means. The emergenoedérn day medical imaging techniques
form part of a historical timeline mediating thedgothrough a positivist approach to
knowledge. Gray (Gray, 1916) and Hunter (Rifkih al., 2006) ushered in a new era of
objective observation and recording of anatomy. Tom-style’, as termed by Kemp, was
born from this period, providing medicine with a mambjective tool for recording anatomy.

This historical development relegated the artisteiovant of science.

The non-empirical approach to biomedical mediatbmhe inner body, through artists such
as the Renaissance anatomist Andreas Vesaliusedmpl alternative philosophy in image
making. The use of thtaumanist’ philosophies were applied by Vesalius to embedipieal
ideas in his imagery, conveying context combinethwainatomical information. His works
also related to the physical and visual discoufs@tavorks of that time. In the contemporary
context Vesalius’ work would be seen as too intigiive and ornamental a style for
imparting anatomical or disease information. Howevkis approach should not be
disregarded when constructing new 3-D CGI worksEAle (Ede, 2005) explains, artists can
offer alternative'ways of seeingandthis different perspective with its often subversiaf

medical imagery can offer emotional insight inteadise and the human anatomy.
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In the work of Cooper, Palmer, Aldworth and Proplet see an interpretative approach to
describing the inner body. These artists use mkedan data to challenge and explore our
perceptions of the body, as exposed by clinicabimg While these individual artists offer
‘alternative ways of seeingtheir respective approaches are often more abait tdwn
personal statements and agenda. In a clinical xpritas artist-centric approach would be
inappropriate, with the space for self-expressind ambiguity being rightly limited in the
context of diagnosis and doctor-patient communicatHowever, to merely produce imagery
that services science would contribute little te field and inevitably dilute the artist's
contribution. This questions the position the auttakes when using his own work as a

means of visualising disease.

Opportunities for a hybrid approach

The various pathways discussed in this chaptethalle merit as a means of engaging
differing types of audiences using screen-basedang&tie author proposes that the blending
and combining of these modes of visualisation nmesult in a new pathway for visualising
medical scan data. By mixing the strengthsbadmedical animationthe documentary
approachgclinical data and arts basedinterpretation, a series of 3-D CGI artefacts doul

emerge that facilitate a new mode of interaction.

The proposal put forward by the author is fora#ternative practice-leghathway. There is an
opportunity to develop an alternative aestheti¢ tlmaws from the four paths, pulling firstly
the complexity and clarity of the MRI data, seconifle tacit knowledge of the artist as seen
in the biomedical animation and TV documentary genand thirdly, the inclusion of an
alternative aesthetic, as seen in the gallery bagedorks examples of Cooper, Palmer and
Prophet. It remains to be seen whether all of tleedeal attributes can be combined in a
single 3-D CGI artefact, however a series of digidhjects may incorporate MRI data,

narrative and interpretation in varying levels.
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The author’s intention is to use these levels tdrpretation to create a collection of works
that use the MRI data as a baseline and founddtiorthe visualisations. However, this
should be combined with interpretation, driven by tauthor's own tacit knowledge and

reading of the data, working within contextual @attural influences.
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3. Doctor - Patient Interaction

3.1. Introduction

The exposure to the real-world application of thechanics of western medicine during the
author’'s residency in the Department of Radiolofinewells Hospital, Dundee, (as
discussed further in chapter 4, section 4.2) hgsmated on the author’'s understanding of
different clinical imaging modalities and their cemt application in aiding the understanding
of disease. This insight, gained through first habdervation of the clinical team at work,

has informed the early visual work that is the sabpf this chapter.

In the initial stages of practice, the author pietlia series of 3-D CGI didactic works. These
firstly consisted of visualised Computed Tomograf@y) data. This imagery provided the
clinical team withpropswith which they could visualise disease in its trossic form. The
author's work culminated in the creation of a videequence for playback on DVD to

demonstrate the conditioanal artery stenosis.

The DVD was created by the author in responsedivegt request from the clinical team in
the Department of Radiology, Ninewells Hospital,n0ae, for the development of a visual
tool to help describe the disease process to pstikrwas created at a time when the author
was becoming aware of the limitations of the sg@® currently adopted within NHS
Tayside to help patients to understand disease.ré@$idting DVD positions the author's
visual material at the didactic (less interpre&livend of the author'sbandwidth of
interpretation’ (as discussed further in chapter 6). It illustrates relative shortcomings of
the dominantvoice of medicine’in communicatingenal artery stenosit patients and in so
doing encourages the author to probe further insideming how best doctor-patient

communication tools might be improved in furthesearch activity.
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A review of the information giving tools currenthged by clinicians’ appears to suggest that
there is a gap in knowledge and a role for artethgsactitioners to play in improving patient
understanding of disease and also doctor-pati¢ataiction. Theaetiology’ of ill-health as
cited by Cecil Helmali (Helman, 2001) is considered. Helman describesentat
communication strategies as being locked in a gipewer dynamic, where the medical
professional always comes out on top, championirg reductive view. It is from this
position of dominance that many of the shortcomiafjgurrent doctor-patient interaction,
and by extension, the opportunities for improvedtdepatient interaction, through the use of
3D CGI, become clear. The possible role of the @uimd of 3D-CGI in helping to reshape

and redress this power dynamic is apparent andsted.

The DVD was the subject of a small, early studyhwiatients. This was undertaken in
collaboration with the Robert Gordon UniversityAherdeen, Scotland. While the findings of
this study are inconclusive, a number of differdr@mes emerge. These include the potential
for the development of a visual vocabulary to emgpgtients in more meaningful dialogue
with health professionals; the possible applicatbthe author’s hybrid approach in this real-
world context; and the need for further researcheaindertaken in this field. These findings
are supported by a review of the methods of impartisease information to patients, as

referenced from other academic studies and théadlaiiterature.

The patient study contributes little to the immeéelisesearch questions posed. Nonetheless, it
gives focus to the early visual aesthetic develpped how this might be improved. The
author concludes that the dominargice of medicinetould be challenged with the author’s
proposed hybrid approach. With this in mind, théhats reflection on the production of

these early works clarifies the need fdpandwidth of interpretatioio be produced. It also

8 Cecil Helman — Professor of Medical AnthropoloByunel University, London
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suggests a real-world context for the applicatibthe author’s visual style and the 3-D CGlI

works produced.

This chapter concludes by confirming that while DD provided a starting point for an
interaction tool to facilitate the communicationdi$ease process and anatomy, further work
is required to unpack the delivery of the 3-D C@éfacts and the application of the author’'s
aesthetic in clinical interaction. In light of thimding, reference is made to what Misffer
terms‘the unremarkable interviewMishler, 1984). The author argues, based on thé& ab
Mishler, that any artefact used to facilitate timiraction must not be used to compound the
‘voice of medicine’The arts-based practitioner should endeavourdate 3-D CGI artefacts
that introduce dialogue and encourage interactawéen clinicians and patients. This is the

challenge that lies ahead.

% Elliot G. Mishler — Professor of Social Psycholoiythe Department of Psychiatry at Harvard
Medical School.
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3.2. Review of current tools supporting patient und erstanding of disease

During the residency, the clinical staff encouradfeel author to apply the initial 3-D CGI
material in describing disease process to patiefit® emphasis of this early phase of
development was the visualisation and communicaifaarterial disease. As a result, a phase
of making was initiated. This explored how a moreladtic approach, with a less
interpretative style, may be used in the commuitinadf disease and anatomy in doctor-

patient interaction.

Prior to embarking on this process of making, thihar considered the relative strengths and
weaknesses of current information giving strategiesilable to assist patient communication.
Most of what the author found was text-based, aljhathe use of visugropsin the form of
anatomical models and printed outputs of the scata dvere also found in certain

circumstances.

In the NHS, the first and most prevalent meansnpfarting health and disease information to
patients is paper-based leaflets. Prior to any Btiah or doctor-patient consultation, patients
are sent an information leaflet as shown in FigI2iis sample leaflet contains information on
the diagnostic procedures of MRI in a paper-based format (A5 size). This presents no
disease information or detailed information on tyy@e of the procedure involved, but rather
is a generic text description of the procedure thedsafety considerations taken into account
by the clinical team on the day the scan takesep(émr example the dangers of metallic

fragments and the reactions to the contrast dyes disring some procedures).
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The sample leaflet (Fig.27) is not a visual aiddictor-patient consultation. Nonetheless,
patient information leaflets first introduce pat®io the diagnostic process, and set the scene

for the communication of the disease process tiatis.

Fig.27 — MRI NHS Tayside Patient information leafiatMRI, 2004

Much of the communication of the initial diseaseqass falls to the GP, who will relay the
findings of the scan to the patient several wedles the scan has taken place. Nonetheless,
patients that attend the Department of Radiologyafecan procedure meet with a consultant
both before and after the scan takes place. hissdpace and the interaction that follows

between the consultant and the patient that istefést to the author.

There is some evidence of academic studies bemgdaut to evaluate the effectiveness of
patient information giving strategies within paofshe NHS in the UK (Chessat al.,2002,
Hameen-Anttileet al.,2004). For example, the work of Professor Roser@dugsson (Robert

Gordon University Aberdeen, UK) explores the vieafs600 patients within the Radiology
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Department at Forrester Hill Hospital, Aberdeenlidwaing this study, Chesson states that

‘information-giving strategies have been far tomplistic’ (Chessoret al.,2002).

This study, carried out in 2002, questioned patiemt their medical knowledge of MRI, CT
and Ultrasound procedures. It found that one ie fpatients could not answer any of the
basic questions asked on medical scanning. Cheststes thatpatients were not well
informed about their investigationahd that specific areas within patient informatisuch as
‘disease process’ the communication of iliness (Ley, 1997) — amtlerstanding ofbasic
anatomy and physiologyRashid and Jagger, 1996) — are lacking or w&#k.can conclude
that although health professionals try and tackkse issues through text-based solutions,
‘attention has focused on the technical aspectgriting patient information leaflet{Dixon-
Woods, 2001) and not on theider issues’(Chessoret al., 2002) such as disease process,

emotional support and the ongoing communicatioiliradss and recovery.

Prior to commencing these visual works, the auttwsidered the impartment of disease
information to patients through the use of visygbps Through observation and
conversations with Dr Graham Houstorand his clinical team at Ninewells Hospital,
Dundee, it became clear that visual imagery is useshme doctor-patient consultations. In
the drawn illustration, shown in Fig.28, Dr Houstiemonstrates how he might use a sketch
to supplement verbal communication when discusiagonditiorrenal artery stenosiwith

a patient.

%" Dr Graeme Houston, a leading British interventidRaHiologist, at Ninewells Hospital and Medical
School, NHS Tayside, Dundee, Scotland.
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Fig.28 — Line drawing of arterial stenosis in thécttening of the artery and the placement of a stettte leg, Dr
Graeme Houston, 2005

In the top third of the drawing we see two crosstieaal sketches of this condition. The
clinician has simplified the artery, narrowing ite a cross-section, highlighting the
substructure of the lum&h as well as annotating the drawing by labellinghearea of
interest inside the lumen. Below the cross sectiamfarmation, we also see a pictorial
explanation of the surgical intervention propodadhis case, a stent may be used to remedy

the blockage, through surgery within the artery.

In creating this drawing, Dr Houston has generatetisualisation of both the MRI data and
his own anatomical and diagnostic knowledge, usimgs and text. While this method of
interaction is dependant on the clinician’s drawsldlls and ability to convert complex
information into a format understandable to thégpat it nevertheless presents an example of

an elementary form of visualisation that is appliedoctor-patient interactidh

%8 | umen — The lining of an artery.

% There are two published examples of patients usiimg drawings to communicate with health
professionals GUILLEMIN, M. (2004) Understandindnéss: Using drawings as a research method.
Qualitative Health Researcti4, 272, BROADBENT, E., PETRIE, K. J., ELLIS, C. J., YING, &
GAMBLE, G. (2004) A picture of Health - myocardiafarction patients' drawings of their hearts and
subsequent disability A longitudinal studiournal of Psychosomatic Researélf, 583-587. However,
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Physical plastic desktop models are also used partranatomical information particularly in
medical training. There are several companies wipply these idealised versions of the
human body, Physio-Mé&Y4(Physio-med, 2007) being an example of such a eoampThe
models are generic, used as a physical 3-D dewisagplement communication, primarily in
a medical education context. For example, a plastidel of the human head (Fig.29) is
shown below, with all of the anatomy delineated feaching purposes. In other more
sophisticated models, the clinician can remove mggmd blood vessels from the torso, again

for teaching purposes (Fig.30).

Fig.29 - Plastic Model Head — Physio-Med, 2007

it would appear that there is little or no publidhevidence of doctors using line drawings to
communicate with patients.

0 physio-Med Services -_http://www.physio-med.comduies/shop/noframes_ranges.asp?catid=8
[Accessed 06/06/07]
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Fig.30 - Plastic Model Torso - Physio-Med, 2007

The author has found no evidence of published warkhe use of plastic models as a method
of communicating with patients. However, based o time spent by the author with the

clinical team, it appears that these models camsbd in patient communication of diagnosis.

Clinical images, such as MRI, CT and Ultrasound affer a visual means of imparting
disease information to patients. These image mi@gliproduced in 2-D, are not designed or
intended for patient communication. Despite thieré is some evidence to suggest that
clinical imaging is extending beyond its intendedlgmeters and is being used as a tool to aid
a doctor's communication with patients. One of thest widespread examples of clinical
imaging being used as a method of communicating patients is foetal ultrasound. This is a

purely diagnostic imaging modality but is usedlfoth diagnosis and patient interaction.
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Fig.31 - Foetal Scan courtesy of http://gallery dvg’*

The level of interaction has reached the point whpatients (expectant mothers) leave
hospital with a paper copy of the clinical datag(BiL). While this image is purely diagnostic,
the foetal ultrasound is now a mediation artefaatyiding a visual link between mother and
unborn child. The image contains limited informatior the lay viewer as the cross-sectional
and scientific-based diagnostic process is desigm@itk up any abnormalities in the foetus.

The process is not carried out for patient edunatioinformation purposes.

There is anecdotal evidence of this also happenittgMRI imagery. Again, this is based on
the author's experience of observing the clinicgmt at work in the Department of
Radiology. Following the scan procedure, the MRiadia printed onto radiographic film.

This printed image is viewed by the Radiologistd @ used for diagnosis and reporting to

other professionals. Similarly it can be usegm@p with the patient during consultation.

There is limited evidence in the literature demmatsig how effective MRI images are at
communicating disease process to patients. Howewnersuch study of 1067 patients, carried

out in the Seychelles, (Bovet al., 2002) demonstrated that by showing patients thein

"L GALLERY.HD.ORG (2008) gallery.hd.org
<http://gallery.hd.org/_c/medicine/_more2005/ m&sBnogram-human-foetal-fetal-ultrasound-scan-
at-22-weeks-mono-1-ANON.jpg.htm[Accessed 17/04/08].
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‘atherosclerosis™ in printed ultrasound imagery, they were morelike cease smoking at
six months compared to those patients who wereshotvn images. This provides some
evidence of the fact that Ultrasound is not they afihical imaging modality used in doctor-

patient interaction.

3.3.  Availability of appropriate disease informatio n for patients

Some academic studies explore the role of imageebasmmunication strategies in patient
education. In the pap€Fhe Role of Pictures in Improving Health Commutima A review

of research on attention, comprehension, recalld adherence’(Houts et al., 2006) a
number of themes are discussed. The main tenBeargument is that pictures carcrease
attention to and recall of health information’compared to text-based forms of
communicatiof®. This implies that imagery can engage patientgrave understanding,

recall and adherence.

This paper highlights the benefits of pictorialagtgies in patient doctor communication but
does not recognise the significance of the artrstis; the artistic intervention is only seen as
a tool for persuasion, a one-way communication ohbrather than an artefact for dialogue:

‘Health professionals should explain the intendezssage to artists as well as the outcome
they desire. It is a mistake to ask artists, whaxdbhave the background to fully understand

the intended message, to create images withouagoalfrom professionals who do have that
understanding’ - ‘Pictograms in Pharmadipowse and Ehlers, 1998, Howsal.,2006)

2 Atherosclerosis — A disease of the arterial walthin the human vascular system.

” Houtset al. particularly highlight the benefits to patientgwilow’ literacy levels. This is significant,
as low literacy do not just affect the developingrig. In 1999, the World Health Organization repdrt
that 21.8% of the UK population had low literacydés. This presents a significant amount of the
population who may potentially benefit from pictdrbased strategies.
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This assumption is based on a binary interpretaifahe way medics and artists have worked
historically. In the author’s view, this is too ghstic a description of the way in which
artists, designers and medics could, @aad work together. The value in the two parties
collaborating in a more holistic way is as yet gitd, as are the boundaries of pictorial-based

strategies in patient disease communication.

The Internet Cancer Study

Patients often actively seek additional sourcemfoirmation to supplement the consultation
provided by the NHS. This supplementary procesdslgmtients and their relatives to access
alternative sources, such as the Internet, in dadeneet this knowledge shortfall. Professor
Sue Ziebland of the Dipékgroup at Oxford University explores the motivatioehind why
cancer patients use the Internet. In her pédpew the internet affects patients’ experience of
cancer’ (Zieblandet al., 2004). Zieblandet al. perform a qualitative study on 175 patients
across five different cancers, and describes thsores why patients turn to the Interrit:
find second opinions, seek support and experieimfalmation from other patients, interpret
symptoms, seek information about tests and treatmbalp interpret consultations, identify

guestions for doctors, [and] make anonymous privadgiries’ (Zieblandet al.,2004).

What is significant to this thesis is the use & Dipex site tdinterpret consultation'and the
‘identification of questions for doctorsThe findings by Zeibland imply that the Internay

be used to compensate for the potential failingshef doctor-patient consultation process.
Another relevant point raised in this paper is tt@cer patient's motivation to gain
competency in the jargon of their illness in ortteguestion the health professional that they
are in contact with. This further suggests thatigpés have an appetite for disease

understanding.

" Dipex Group — A cancer research group explorirgyahplication of patient experiential information
resources online._<http://www.dipex.org.xkfAccessed on 10/03/08].
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Whilst the Internet can offer patients greater asde disease information, control of online
information is limited. For example, as stated loya®& et al ‘few sites provide the range of
information required’and ‘the readability of the materialis ‘set at a level incomprehensible
to patients with lower levels of literacySmart and Burling, 2001). This lack of readapilit
and comprehension is noteworthy, as it implies tmadiation and interpretation of the
science behind disease or, in the case of the Suagsr, radiological information, is not

meeting patient needs.

Audio visual media in patient communication

Some attempts have been made to integrate a varfieapalogue and digital audio-visual

media into patient communication strategies. Thedede:

Live-action video tape (Thoma al, 2000)

HTML, CD-ROM (Diefenbach and Butz, 2004)
Flash animation (Bader and Strickman-stein, 2003)
DVD (Evrardet al,, 2005)

2-D Animation (Leinelet al.,2004)

These studies all show positive outcomes when audiml media is introduced to help
communicate complex medical information to patieiene directly use 3-D CGI content
but do apply audio-visual strategies for patierforimation. These studies demonstrate an
improvement over traditional means of informatiavirgy. Importantly, the Badest al paper
highlights the success of animation, whereby.1% of patients ranked Flash animation
above other delivery formatsThis would suggest that digital information givisgategies
should be given due consideration in the futuretiqdarly animation, which ranked in

popularity by patients above other formats (Badher &trickman-stein, 2003).



74

The paper written by Stoopt al. entitled ‘Using Information Technology for Patient

Education: realizing surplus value?’(Stoopet al, 2004) puts forward the case for the
potential advantages of computer-based systemmflanmation provision. The advantages
cited are: tailoring to specific needs and costg] aew possibilities of linking patients

virtually. Stoopet al. also describe hovbrochures, leaflets, videotapes and to a certain
extent face-to-face communicati@re starting to be replaced by computer-basedrirdtion

systems.

The assumption made by clinicians and designetserStoop paper is that computer-based
information systems could completelyeplacée traditional mechanisms of information
giving. This includes replacing face-to-face intdian with the medical physician. However,
Stoop et al. ultimately describe this notion of new computechi@ologies completely
replacing the interaction of doctor and patient'daghious’. The Stoop paper goes on to
reinforce the importance of the face-to-face entaum information giving, describing how
computer-based information shouklipplement rather than replacexisting material and
strategies. The paper concludes that designersclamdians must be aware of their own

assumptions and explore whether they actually maditient needs.

An example of 2-D traditional animation being usegatient communication can be found
in the video-based cartoon narrative (Leiaeal.,2004). In Leineret al’s study, a group of
192 patients were questioned on their knowledgeaheed for a polio vaccine after viewing
both a traditional non-illustrated leaflet and ® Zartoon video. The experiment showed that
30% of those that viewed the 2-D cartoon answeilédha post-knowledge questions
correctly, while none of those that viewed the Ietadchieved full marks. Statistically, the

animated cartoon provided better post knowledgmtign in this study.
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Summary

The findings of this brief literature review sugg#sat the use of information giving leaflets
falls short of patient requirements. Based on thdysundertaken by Chessenal, patients
are uninformed about their basic anatomy and phlygyoand the implications of the
diagnosis of disease on the other organs in thg femt by implication, their prognosis for
future recovery). On this basis, it is reasonablednclude that there is value in considering

the alternative information giving formats to sugpmproved disease understanding.

Ultimately, the purpose of the Ultrasound or MRkige is to diagnose disease and to report
on this diagnosis. The specialist who reads theaessrequires at least ten yéadf training.
This is in contrast to the patient who has littienm clinical understanding of anatomy,
disease or medical scan data, and therefore wiesemied with MRI cross-sectional images,
is unable to interpret the specialist visual infatibn presented. This suggests that this

approach has limited application in meaningful dggeunderstanding for patients.

At the opposite end of the technical spectrum fesline drawing by the consultant. This
may aid the engagement of the patient in dialogukassist in the understanding of disease,
but at present, there is little or no evidence ¢oficm the prevalence and value of this
approach. This distance between the technical @l printed scan) and the basic line
drawing also suggests that there could be poteintiekploring the value of more pictorial-

based strategies in healthcare, to help populeepace.

The cited examples of audio-visual media all seemeturn positive results, suggesting that
digital media in the form of 3-D CGI may also impeoa patient’s ability to retain complex
health information. The Stoogt al. paper is also important, as it highlights the tamay of

computer-based solutions to lose sight ‘@éople’ in favour of technology. A blended

™ To train a Radiologist it generally takes at leasyears postgraduate training, 12 years from an
undergraduate start.
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approach to learning must be acknowledged whengui@sj any solution to health

information.

3.4.  The practice

At the outset of this early phase of the visuatfice, the author was keen to take all of these
apparent gaps and information giving shortcoming® iaccount. In the first instance,
peripheral CT angiogram data was visualised usigdatl compositing techniques to show
blood vessels, bones and skin. The purpose oftfimation, as shown in Fig.32 and Fig.33,
was to highlight to the viewer a blockage in theigd’'s left leg. In doing so, it was the
author’s intention to provide direct communicatiminarterial disease, with minimal creative

interpretation.

However, as can be seen, some interpretation leasduiled, such as the transparency on the
skin and the strong colour difference between kaome artery. The camera angles and light
also support a fly-through viewing experience. Haekground has been added to assist in
the definition and transparency of the skin tonéilgVlimited in artistic expression, this
visual style possesses a quality that is simpleeasy to understand in the real-world context

of patient understanding of disease process artdraga
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Appendix B
DVD
(Video Clip)
Chapter 3

Fig.32 —3-D Visualisation of a CT Peripheral Angiag, John McGhee, 2004

Appendix B
DVD
(Video Clip)
Chapter 3

Fig.33 - 3-D Visualisation of a CT Peripheral Angiam, John McGhee, 2004
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Fig.32 and Fig.33 are static images taken fronmglsianimated sequence. The images were
created using the pipeline established during #sédency (discussed further in chapter 4,
section 4.3). In this case, the CT provides sulisiainformation on bone and arterial blood
flow. As an imaging technology, CT captures limisaft tissue detail in comparison to MRI.
But, in terms of constructing 3-D visualisations] @onetheless provides good imaging

results on account of its x-ray origins and foca$one density.

This animation is a sample work. It explores howare illustrative style might be applied
using the pipeline established during the evolutibthe practice. This work draws heavily
from the traditional anatomical illustration us@dainatomy education and adopts a style used
more commonly in established 3-D biomedical aniorafjas discussed in chapter 2, section
2.4). Partly as a result of adopting aspects o #stablished technique, this animation
facilitated dialogue with the clinical staff in @dto agree on a visual style for the
communication of arterial disease to patients @eample how the bone, arteries and skin

might be represented in the narrative).

Ultimately, this was the author’s first attempteattracting CT data and importing it into
Maya. To this end, the production of this image serveddnofirm for the clinical team and
the author that it was possible to produce a didguéece of 3-D CGI imagery in this way.
For the author, the potential for this visual agato to be developed further was also

confirmed.

Disease Storytelling — Patient DVD

After producing this sample work, the author embkdrion the development of a short
animated film that might address more directly timical team’'s perceived need for

improved patient understanding of disease. Thikvarused on the specific disease process
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of renal artery stenosjsa condition that leads to a blockage of the wrtieat feeds blood to

the kidneys.

In accordance with established practice in 3-D aatewp animation production, a set of
storyboards were constructed. The use of a storgbas a means of early visualisation of
narrative in computer animation is widespread ie #mimation industry (Hart, 2008,

Begleiter, 2001) (Cantor and Valencia, 2004). Theweyboards (Fig.34) were used as a
means of interacting with the medical team pridbtidding any digital models. These images
were then presented to the clinical team as a hisigans of defining the mechanics of

disease and finalising each sequence with thethaara

Fig.34 - Storyboard by John McGhee, 2005

The clinical team in Radiology requested a dida@ib CGI animation explaining the

mechanics of disease. This meant the sequence &oulas a visual aid to reinforce disease
communication. The film would also be a linear angassive presentation (rather than
interactive). As with the biomedical documentarg€Shapter 2, section 2.5) model, it was
agreed that a voice-over would supplement the Vimgterial presented, to further aide

understanding.
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During development, the clinical tedhtollaborated heavily on the content and style of
presentation, raising several issues. For examplbecame clear that without a basic
understanding of human anatomy, disease explanatiomid be difficult. As a result,
additional scenes in the animation were addeda®d#guence, to supplement patient anatomy
understanding. As a prototype, the author congcuet short animated film sequence from
the storyboard of about one minute in duration. Tilme consists almost completely of 3-D
computer animation and graphics, with the aim gfl&xing to patients - using diagnostic

storytelling and narrative - the workingsrehal artery stenosis.

Fig.35 — Patient DVD Screenshot, John McGhee, 2005

"® The collaborative team consisted of one Senior ®agist and a Radiographer based within
Radiology at Ninewells Hospital.

Appendix B
DVD
(Video Clip,
with Sound)
Chapter 3
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While this DVD based animation (Fig.35) providestarting point for populating the space
between the patient and the doctor, it raises i@ssef critical issues relating to the visual
practice of the author. For example, the develognoérthe DVD places the artist in the
traditional role of artist-as-illustrator, providjra visual language for science. Furthermore,
while the 3-D CGI was visualised from live patiéfiRl data and augmented using aspects of
the author’s visual practice (in particular thegagig'Medulla’ and Flow’ — see chapter 4,
section 4.5) the imagery, presented in this DVDmiatr does not fit with the more
interpretative, arts-based approach, as describezhapter 4. The sole application of the
DVD sequence as another medigabp’ contradicts the essence of the author’s overagchin

approach to the visualisation of the clinical data.

The role of the 3-D CGI artist in challenging edigtied means of visualising the inner
human body is central to this thesis. The authgues that to merely focus attention on
building artefacts for didactic communication pae$ the 3-D CGI artist with limited
opportunities to contribute to this field. The walthat the author brings to this real-world
context of patient understanding of anatomy andatie has therefore yet to be considered in
any depth; this was not considered at the timeeskbbping the DVD sequence, but is an

aspect of the author’s visual practice that gainsrominence as the visual practice evolves.

Following the preparation of the DVD sequence,dbthor became aware that by replicating
the traditional biomedical model, he may not bevjaling the most appropriate type of visual
information for patients. This does not suggest tha 3-D visualisation aesthetic developed
is redundant, but that the author’s tacit knowledugy be better applied in other ways in
order to address patient understanding of diséasgther words, before developing imagery
for improved patient understanding of disease,earek picture of the possible barriers that

stand between doctors and patients need to bedewadi
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3.5. The unremarkable interview

The consultation between doctor and patient is gmilsna verbal one. Mishler terms this the
‘unremarkable interview{Mishler, 1984). This relates to the imbalancepoiver that exists
between doctors and patients. Mishler identifias ahmost complete control the doctor has

over the consultation process:

‘...the doctor is in control as first and last speake the exchange. Only the doctor is
involved in developing the topic of talk, by askegseries of seemingly (to the patient)
disconnected questions. This inhibits the patigomf playing a role in maintaining
conversation flow.’(Barry et al.,2001 p.489)

Mishler suggests that this approach to interactidmereby...the doctor is in control as first
and last speaker in the exchangeresults in the patient being unable to play aivagiart in
discussion. Mishler concludes that this model omocwnication:*... strips away social

contexts of meaning on which a full and adequatietstanding of patients and their illness

depend. Effectiveness of practice depends on suahderstanding(Mishler, 1984 p. 192).

Mishler goes on to describe this distance betweectod and patient as thwoice of
medicine’ and the ‘voice of lifeworld. The diagram presented by Mishler in Fig.36
summarises thisncompatible’ approach. This model captures the effect of ‘tludce of

medicine’and'the lifeworld’ in three key areafoctor, Patients and Medical Care:
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Fig.36 - Mishler's Voices Medicine and the Lifevehrl 984

This diagram shows these contrasting approachpatient-doctor interaction. THeoice of
medicine’ causes apower imbalance’favouring the doctor,suppressing’patients’ views.
This, in turn, leads tinhumaneandineffective care’ The opposite of thwoice of medicine’
is the‘voice of the lifeworld’where doctors assume a sharing of power, resulirgmore

‘meaningfuland coherentexperience for patients.

This incompatibility, as highlighted by Mishler hesplications for any future research. The
‘voice of medicineas described by Mishler, imparts anatomical angiptogical facts. Any
visual strategy to improve patient interaction amdlerstanding could benefit from utilising
this ‘lifeworld’ view. As a 3D-CGI artist and researcher workingimages that may offer

alternative ways of seeing the inner body, the @utim his research, seeks to move beyond
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an extension of the doctor’'s view of disease. 3enguter arts-based visualisation has an
opportunity to access patients’ views regardinghibgy and disease. Thialternative way of
seeing’ the body could potentially balance interaction amdognise illness, minimising

‘struggle’, ‘disruption’ and‘fragmentation’.

Views on lliness and Disease

Throughout this thesis, the author argues thaBiheCGI artist should not merely represent
the body as machine, follow the traditional meahgresenting the body or reinforce the
clinical (reductive) view of disease. However, agygested by Mishler, one of the first
significant challenges to the communication of dggeis the conflicting opinions held by
medical professionals and patients on illness asehde. Cecil Helman in his botkulture,
Health and lliness'(Helman, 2001), describes the communication problémat currently
exist in the field of Doctor-Patient interactionelshan explains:

‘Doctors and their patients, even if they come fiibin same social and cultural background,
view ill health in very different ways. Their peesfives are based on very different
premises...(Helman, 2001 p.79)

According to Helman’s observations, doctors seeatis and the body in fundamentally
different ways to their patients. Helman providesen key principles on which the modern

day‘healer’ (i.e. the doctoris founded:

- Scientific Rationality —...assumption and hypotheses must be capable o bested
and verified under objective, empirical and conitohditions’

- The emphasis on objective, numerical measurement

- The emphasis on physiochemical data

- Mind-body dualism - the separation of the physaa metaphysical. The human body

being the study of science
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- The view of disease as entitiedmedicine focuses more on the physical dimensibns o
illness’ rather than factors such as thepersonality, religious beliefs, cultural and
socio —economic...’

- Reductionism — less focus on tlaetual patient, instead emphasising ‘particular
disease organ, system, group of cells or bodily.par

- The emphasis on the individual patient, rather thrathe family or community.

This notion of mind and body separation is sigaifi; as it situates disease in the context of
mechanics, separate from the mind. lliness is ddfiny ‘objectively demonstrable physical
changes in the body’s structure or function whiaeh be quantified by reference to ‘normal’
physiological measurements(Helman, 2001 p.80). Medicine concerns itself omlith
abnormalities of the body, viewingphysical abnormalities’as opposed to apatient’s

symptoms, their psychological state, or culturatkground’(Helman, 2001 p.81).

A patient’'s view and opinion of their iliness isterfi seen as leggal than the quantitative

measurements gathered by medicine to diagnoselltitess such as blood tests, MRI,
cardiograms or ultrasound. Arthur Kleinmiandescribes how in our western culture
‘biological’ issues are moreeal’ than psychological’and‘sociocultural’ (Kleinman, 1988).

Kleiman discusses in his bodknhe lliness as Narrative’'many of the assumptions made in
Helman’s seven principles of the modern day hedters clear from both authors that
medicine primarily uses the reductive mind to d@gm patients, thus influencing the

communication of disease with this view.

In contrast to a medical professionals’ view of tlogly, patients see illness as part of a larger
‘conceptual modelrelating to‘adversity’ (Helman, 2001). This adversity model relates to

cultural, moral and social dimensions rather thampigcal science. In basic terms, when a

7 Professor Arthur Kleinman — An American based h#frist and medical anthropologist; of
particular significance is his book KLEINMAN, A. 988) The lllness NarrativeBasic Books.
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human being becomes ill, scientific reasoning isthe only rationale used to describe our
health misfortune. The wordiness’ better describes the holism of the patient’s pEatpe.
The‘aetiology® of ill health’ as described by Helman, highlights how the layematsees the

‘causation’ of their illness:

- Within the individual —...a malfunction within the body...related to changeliet or
behaviour’ ...the responsibility for illness falls.n.the patient...’

- In the natural world —<common in this group are climatic conditions su$ excess
cold, heat, wind rain snow or dampness’

- In the social world -Blaming other people for one’s illness, ill health

- In the supernatural world Hlness is ascribed to the direct actions of supsural

entities, such as gods, spirits or ancestral shades

These aetiologies of ill health demonstrate thesibies alternative perspectives that patients
bring to consultation with the clinicians. Patiergge’ their illness from this notion of
‘malfunction’, constructing a model of their illness based agirtbown belief system and
understanding of the body structure. This viewigp®rted by the language of ill-health. For
example, Helman and Cassel describe the word ‘sii$es beindsomething an organ has’
whereas ‘illness’ issomething a man hagHelman, 2001 p.126Y his division again shows
this separation of the body and the mind. While itot the intention of this doctoral thesis to
guestion this mind and body separation or the natfcdualism, the author argues that a more
philosophical approach to the use of 3-D CGI imickl communication could help to bridge
this apparent divide and assist in improved infdiomagiving and patient understanding of

disease.

8 Aetiology - the cause, set of causes, or mannenuo$ation of a disease or condition PEARSALL, J.,
HANKS, P., SOANES, C. & STEVENSON, A. (2006)xford Dictionary of EnglishOxford University
Press.
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The Implications for the Author’s Artistic Practice

The difference in illness beliefs between doctard their patients has implications for the
author when developing 3-D CGI of the inner bodyhe evidence from Helman and

Kleinmann suggests patients do not &mmly as machineand instead relate illness to an
alternative set of values. The 3-D CGI artist, wilereloping a visual aesthetic to facilitate
communication, must acknowledge these differenths. visual language used by the artist

should not merely recognise the dominant paradigithis case the doctor’s view of disease.

The traditional biomedical approach to medicalsiltation serving science compounds the
view of body as machine. The author as a 3-D Q@dtasuggests an alternative approach.
He argues that this should encompass patient vieweder to bridge the gap between these

differing views of illness and disease.

The doctor is often from a differerisocial class, ethnicity, age or genddilelman, 2001)
when compared to the patient. This can resulténctmical professional assuming a superior
position. On top of this, doctors hold all the neadiknowledge on a specific disease or
diagnosis, in sharp contrast to the patient who hmaye little or no medical insight. This
disparity in knowledge and power will vary acro$f$edlent patient groups and disease areas.
However, based on Helman’s published work, pati¢ensl to enter into the doctor-patient
interaction at a disadvantage. As an artist anelareser exploring the visualisation of iliness
and disease, thesaetiologies’ of illness could stimulate or inform the 3-D vi$igation of

the body.

Mary Dixon-Woods’ paper Writing Wrongs? An analysis of discourse about tise of
patient information leaflets(Dixon-Woods, 2001)explores this notion of inequality in

disease understanding. Dixon-Woods describes tWfereint discourses in patient printed
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information: ‘patient education’and‘patient empowermentDixon-Wood describepatient
education’as being the dominant approach, driven from tleéegsional agenda of medicine.
It presents ‘..a mechanistic model of communication in which pésieare characterised as
passive and open to manipulation in the intere$tbiomedical agenda..(Dixon-Woods,
2001 p.1417)The ‘empowermentmodel is thus the opposite approach, where thedise
‘draws on a political agenda of patient empowermeanid reflects this in its choice of
outcomes of interest, its concern with the useafldts as a means of democratisation, and

orientation towards patient¢Dixon-Woods, 2001 p.1417).

The differing models ofeducation’ and ‘empowerment’of patients is significant, as it
reflects the way in which doctors and patientsilieess and disease. The patient education
model matches many of the doctor’s reductive vieWwthe body as well as reinforcing the
imbalance of power. The empowerment model readesdsss balance, providing a discourse
that accounts for theaétiology of ill-health’as recounted irCulture, Health and lliness’

(Helman, 2001)?

Ultimately, these two discourse models have therm@l to transcend purely printed text
strategies and could inform new tools for improvpadient understanding at consultation and
beyond. Dixon-Woods concludes that discourse shbaldbrought together, with identified

overlaps utilised in information giving strategi@xon-Woods’ analysis provides an insight
into the potential framework for any future visuhscourse developed by the author, with

more emphasis on patient empowerment as oppogediémt education.

3.6.  Collaborative Patient study

The literature cited would suggest a potential oppuoty for improved information giving

strategies to aid patient understanding of basatcemy and disease. However, the work of

" Cecil Helman — Professor of Medical AnthropologyuBe! University, London
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Mishler also clearly implies that the provision arfotherprop that reinforcesthe voice of
medicine’fragments and limits interaction between clinisiand patients. While the DVD
prototype communicates both disease process andrhamatomy, potentially tackling issues
of information giving and recall, it also appliesarrative that falls foul of Mishler'svbice

of medicine!

In 2006, the author embarked on a small joint studlgp Professor Rosemary Chesson of the
Health Service Research GréUgHSRG), The Robert Gordon University, Aberdeene Th
purpose of this work was to gain patient feedbatk3d CGI visualisations of the disease
condition renal artery stenosisThe study interviewéd eighteen out-patierifs (eleven
women and seven men) with an average age of 7%,ya@ending clinics at the Department
of Radiology, Ninewells Hospital, Dund8elt was anticipated that through the patient
interviews, the author might gain user group feedlban the biomedical 3-D computel
visualisation of MRI data. In addition to the DVpatients were shown other visual artefac
used traditionally in the communication of diseaSbese included 2-D MRI data of the
kidneys, plastic anatomical models and 2-D rendgriproduced by the author (see Append

A8.4.1,84.2&8.4.3).

The patients were not interviewed by the authoramcount of NHS Tayside’s ethics
requirement¥. The interviews were performed by Catherine Westifoof the HSRG. The

interviews were transcribed by the HSRG group amalysed by Professor Chesson, usir

8 The Health Serves Research Group (HSRG) is led He$sur Rosemary Chesson. This academic
research grouping has considerable experiencenifasistudies therefore assisted in the ethics
submission, delivery and study analysis.

81 The patientinterview schedulewith can be reviewed in Appendix A 8.5.4

82 The patientinvitation letters’and‘Information sheetcan be reviewed in Appendix A 8.5.2 and 8.5.3
8 The study proposal can be reviewed in Append&$1

841n order to embark on the interviews with patietite author required approval from NHS Tayside’s
Ethics Committee. In the case of this collaborasittaly, the ethics submission took 6 months to ctampi

and submit. Ethics approval was gained ofi ®Bvember 2005.

85 Catherine Westwood — A member of HSRG at the Robemi @ University, Aberdeen.

Appendix A
Appendix 8.4.1
Appendix 8.4.2
Appendix 8.4.3

Appendix A
Appendix 8.5.1
Appendix 8.5.2
Appendix 8.5.3
Appendix 8.5.4
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Miles and Huberman’s (Miles and Huberman, 1994)litaieve textual analysis framework.
This patient study was not intended for comparisotine qualitativéntegrity study (covered
in chapters 5 & 6). It was seen as an opportumityatiditional data to be gathered that could

suggest a possible future direction for the appbticeof the author’s research.

3.7.  Patient Study - findings

Following the conclusion of the study by the HSR@up, a copy of the thematic findings

from the transcripts was given to the author. Faadcript dat& provides valuable feedback

from patients on the 3-D CGI content. Appendix A.8.contains a results summary table ar AAppegdiXSAé .
endix 8.6.

the Appendix B CD-ROM holds a copy of the themedpomses received. In short, th N

themes of greatest interest to the author conterndlue of the visual material presented; tt

ability of patients to respond to the 3-D CGI infa@tion over other visual formats anc  Appendix B
CD-ROM

patients’ appetite for greater interactivity withet3-D CGI presented. Table 3-1 provide ' aneine

extracts from the transcript data.

Patient Quote value of the visual material presented

‘I think for me just looking at it gives you a tegtinformation than somebody sitting
telling you that they are going to this and goinghat, well you are seeing what could
be happening.Participant 1A

‘Without that and you are trying to take it in,thyou are not taking it in but if you are
watching it, you are taking it in better .Participant 1A

Patient Quote ability to respond to the 3-D CGI format

‘...it is like you are looking at a human being,eal person because you have got the
shape, you have got the colour, you have got ever:it This is darker and it i
showing you where it is sitting and what it is dpend how it functions, so it looks
real, when you are looking at that and it stand$ aunile and you look at that yaqu
know.’ Participant 13M

22
o

‘It is helping because I'm saying to myself nowisitexplaining the blood getting
through and the narrow..Participant 1A

‘Well | would say that the two-dimensional is gt effective in showing the effect|as
the 3D. The 3D gives you a better idea where awvd ihfunctions.Participant 9l

Patient Quote appetite for greater interactivity

8 The interpreted transcript data by Professor Rasgi@hesson can be reviewed in Appendix B CD-
ROM, themed patient extracts document. This datablkas clustered into significant themes based on
patient’s reactions.
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was to get that bit there cut out it would join again and it would be fine, now they
could do it on the screen as if they are having e wnini operation, | know what
computers can do... they could just as if it is happge at the time and then you
yourself could see what the results would Bevticipant 10J

‘Well it is a bit difficult, | mean you have gaétdn the screen, that is my body and}f [

‘Because looking at the picture it is not me arfditowere me | would be mone
interested and say, oh, what is the matter, sed ivin@an.'Participant 11

Table 3-1 — Sample A of patient quotes, John Mc(Z@E6

While the feedback to the DVD sequence was in ggrasitive, a number of important
points were also confirmed for the author and tleglical team at Ninewells Hospital. These

concern the practical limitations of disseminatitigease understanding in this way.

For example, many of the patients interviewed ati/that while they did not object to the 3-
D CGil, they would not wish this to substitute theeraction with the health professional. One
patient also commented on the fact that the DVDusege, while helpful, was unable to
answer the questions that he had in relation tontieevention that was proposed, suggesting

application in improved disease understandingds# so in terms of disease process.

Overall, interviewees seemed to be looking for memngaging interaction with the health
professional. For instance, some of the particgpéeit the 3-D CGI was useful as a tool to
facilitate conversation with the health professloiis is demonstrated in transcript extracts

from Participants 16 and 11 in Table 3-2:

Patient Quote Facilitating doctor interaction

‘On the computer, 3D visual like you have shovenan the screen...no | think better
the 3D providing it is my own...Speaking to somghasl well, somebody working the
computer for me because | can’t do thadrticipant 16

‘I would rather have the doctor telling méarticipant 11

Doctor, okay, doctor and still looking at it on teereen?nterviewer
‘Looking at it on the screen, yelRarticipant 11

So that would be the same one as beloterviewer

Patient Quote -addition of 3D CGl to existing information givingdrmats

O

‘Well a couple of these but not necessarily i thider, first of all | would like to g
and see a professional, like my GP... and if the @B & me, | can show you |a

sequence if the treatment that we are proposingite you then | would say ‘fing[.
Participant 8
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‘I think the word, doctors first of all and thetet written and then seeing it.
Participant 15

‘... certainly gives me an idea of the location &hd possible problems that could
occur, like the narrowing of that artery, it doesanswer questions that | would ask
say the doctor... you have no medical knowledge dor@nthe questions | would like o
ask.’ Participant 9l

Table 3-2 — Sample B of patient quotes, John MeGk@06

These sample responses suggest that the DVD narpbvided the patient with background

information but that they were still keen to disstise information with the doctor.

Another theme emerging from the transcripts wag#rsonalising of disease imagery. When
asked directly, some felt the imagery would haveemoeaning if it were their actual MRI

data. This is illustrated in the extracts from pgvants 12 and 8 in Table 3-3.

Patient Quote -Personalising of data

‘| think they are fairly self explanatory but & bne of those things that you are more
concerned with how your own is performing thea'rticipant 12

‘Would you be comfortable to look at your own Bfages if they were able to put the
on a screeninterviewer
Absolutely, yes | would be interested in what wasplkening to me Participant 8

§

Table 3-3 - Sample C of patient quotes, John McG2@@6

Summary

The patient DVD incorporates the narrative of thentedical animatiorand, to a lesser
extent, the biomedical documentary (as discussetiapter 2). While this work has value as
a didactic tool, it applies a model of communicatim the discourse of thevoice of
medicine! The objective of the practice phase of the rete# to challenge established
conventions. While this phase proves the artistglzetic can inform more didactic workis

has not extended the boundaries of interpretatiortide author’s practice.

The philosophy of the author is to create work thatllenges the way we see the inner body.

Michel Foucault describes in his bookhe Birth of clinic’ how ‘spatializing’ (Foucault,
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1989) our inner bodies through thanatomical atlas’is only one method to describe the
human anatomy. Foucault goes on to say that ilikallhood, the anatomical atlas is not the
first and will not be the last way tgpatialize’ disease. This quote from Foucault, and the
early exploratory work of the author describedhis tchapter, suggests that there is a much

larger question to be answered that belongs tedutsearch work.

3.8. Conclusion

Clinicians have a series of aids opsthat can be used to augment the communication of
disease diagnosis. These include text-based Igaffieictor's drawings, anatomical plastic
models, clinical scans (MRI, CT, Ultrasound or Xgpor 3-D diagnostic imagery. From the
observational work carried out at Ninewells Hodpétad the limited available literature in
this field, the author argues that thgsepsare insufficient for a clear understanding among

lay patients of their disease and inner body.

These insufficiencies are the result of a combamatif factors. Firstly, lay oriented text-based
leaflets are unable to convey the complexity of lthenan body and of disease in isolation.
The information they convey is limited to the spaoailable on the page. This view is
supported by the fact that doctors appear to soppié this information with picture-based
drawings of their own. The use of the ultrasounagns@nd, anecdotally, the MRI scan, as

further visualpropscompounds this position.

Secondly, the anatomical models used in teachinigtarsupplement the communication of
disease to patients provide a basic and staticesgppn of how the body functions. This is
not the same as communicating disease. MRI andd&Bnostic imagery go some way in
bridging this gap. However, they display a medarad technical vision of the body that can
only be deciphered by highly trained medical ptamiers (radiologists). This provides a

fertile ground for the development of a new visaproach to information giving.
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The variety of audio visual studies cited (Baded &trickman-stein, 2003), (Stoag al,
2004), (Leineret al, 2004) suggest that patients are receptive toctimemunication of
complex disease information through animated ortaligneans. This provides some
preliminary evidence to support the author’s pregoreal-world application of 3-D CGl in

patient understanding of disease.

The diagram in Fig.37 represents graphically hogvptops cited currently combine in the
interaction spacebetween patient and doctor. As highlighted in tthapter, this creates an
imbalance between the patient and doctor wherebyibps are used to communicate the
reductive view of disease. The patient is in a wpakition, with little empowerment or
dialogue, resulting in thpropsdriving the medical agenda. This leadsftagmentation’and

‘disruption’ in doctor-patient interaction, as described byHiés

Fig.37 - The current interaction space, John McGI2897

The diagram shown in Fig.38 communicates how thkagsees his intervention redressing
this imbalance. By placing a new type of 3-D CGlefact inside thenteraction spacea

dialogue might be stimulated rather than medicetation. The creation of this artefact may
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also relegate the establishgbpsinto a secondary role. This is not to say thesabéshed
props would be replaced, but that they would be usedaimore blended approach to

interaction.

Fig.38 — The intervention of the 3-D CGI artist, ddiicGhee

While the didactic works (patient DVD and CT 3-D C@orks) resulted in imagery that
could contribute to improving clinical communicatjdhey have raised two significant issues
in the mind of the author. In the first instand®e patient DVD is presented in th@ice of
medicine’and could result in what Mishler terms‘t® unremarkable interviewThe patient
DVD combines voice-over with imagery that reinfadbe medical professional’s view of
the body and disease (in this case where the kidasy situated in the body and the disease
process ofenal artery stenos)s This model of work creation allows little sp&afoe dialogue

and interaction, resulting in merely another prmpampound the medical voice.

The second issue concerns the author’s positidhisrcreation of patient focused work. The
author, by the construction of these didactic ahiong, is relegated to the service of science,

creating narrative that conforms to prescribed wadarticulation of anatomy and disease.
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This type of communication between clinicians amtists results in a thin bandwidth of
works that does not tackle the potential for aeralitive aesthetic or narrative. The author
would argue that creation of a much broader approacwisualisation of clinical data could

result in more meaningful interaction between ciams and patients.

The literature suggests that pictorial strategiesmproved patient communication have been
more successful than any text equivalent (Heital., 2006). It is implied that imagery can
engage patients and improve their understandingjisgfase, recall and adherence. This too
presents a potential opportunity for visual-basw@dtegies in communication of disease.
However, while Houtset al. highlight the benefits of pictorial strategies patient doctor
communication, this is limited by what Mishler texras theémedical voice'.In this way,
artistic intervention is seen as a tool for persargssupporting a one-way communication
channel. It is not seen as an artefact for dialéguts own right. Using thémedical voice’as

a means of visually communicating would not suéfitly acknowledge patients’ views on

illness.

This material would suggest that image-based gjiege can be successful in the
communication of disease which reinforces the dasdhe use of 3-D CGIl. However, it
should not be applied as a persuasive tool usstréagthen the doctor’s position. It should

be used in the pursuit of a more equal interagtiartinical consultation with patients.

The work of Helman (Helman, 2001) and the MishMishler, 1984) suggest that doctors
and patients hold differing views on illness andedise. Medical doctors’ perspectives on
disease process are predominantly reductive. Aslbfidlescribes, th&voice of medicine’
results in théunremarkable interviewwhereby the doctor is in control and holds a parsit
of power during the consultation. The patient'swief illness (described as aetiologies)

differs, with patients seeing illness causatioratiey to the individual, natural, social and
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supernatural worlds. These alternative approadas to dstruggle’ and the breakdown of

dialogue between the patient and the doctor.

The lessons for the 3-D CGI artist exploring newan®e of improving communication
concern the narrative and visual approach. Thecawttgues that the 3-D CGI artist should
not reinforce thevoice of medicineif the intention is to improve patient interactiorhe
visual approach should utilise patient views omedis in interaction with health professionals.
The application of a practice-led approach to dmgavisualisations of clinical data can

address the limitations of current doctor-patietgriactions.

Based on Mishler and Helman’s work, the author esghat the 3-D CGl artist should not act
as a conduit for science, but rather account feratthody aesthetic beyond the didaatien
interpreting and visualising the body. By creattip CGI that does not compound tiweice

of medicine’but provides a representation of illness, dialogag be stimulated. The goal of
creating work to redress the balance of power teraction between health professionals and
patients should concern the provision of emotiomaight, rather than purely medical

education.

Finally, the creation of the 3-D CT peripheral aggam flythrough animation (Fig.32) and
the subsequent patient DVD, demonstrates the patt@pplication of the author’s work in a
real-world communication context. The study carrad in collaboration with HSRG at
Robert Gordon University highlights, through thdigrat responses, that the lay viewer could
benefit from 3-D CGI visualisation and animationeovmore traditional communication
mediums such as anatomical models, 2-D images anghlexplanation. The study also
raises a diversity of issues and themes that meyenrd the remit of this doctoral work.
These warrant a separate doctoral thesis in therermht. The patient study nonetheless

brings valuable insight to this thesis, suggestimther scope for future research.
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4. Evolution of the Practice

4.1. Introduction

‘The aim of art is to represent not the outward @gmnce of things, but their inward
significance.’Aristotle

The contextual review gives context to the reseagcestions and suggests gaps in
knowledge. In this chaptef’Idescribe the creation of a series of 3-D CGl adisfthat forge
an alternative pathway, one that challenges\b&é of medicineand established means for
visualising the bodylt is suggested by usingmactice-ledapproach a new visual aesthetic

might emerge.

My practice combines and blends interpretative riggles in 3-D CGI with MRI clinical
data. In doing so, | expose my practice and reftectthe making process. Through the
practice, a series of 3-D CGI static and animatisdialisations are created that provide

‘alternative ways of seeintfie inner body.

As specified in the preface, my practice and medifichoice is 3-D CGI. Within this field, |
could be described as ‘generalist’ but with specialist attributes. This term refersao
individual artist with general experience and ustierding of most of the major tools within
3-D CGlI (rather than a specialist). These techrigneludemodelling, texturing, lighting,
rendering, dynamics and animatiorhese craft skills are combined in the pursuitafative
and storytelling through screen-based works. Is tase, visual practice is applied as a

research method to explore the visualisation of d&th.

8" Due to the personal reflection in this chapteiirst person narrative is applied whereby use ofpthesessives
‘I', ‘me’ and ‘my’ are deemed to be the most appiate means of reflecting on the work.
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My practice is not limited to the output of scremased imagery. It includes the application of
problem solving skills and the tacit knowledge gairwhilst | training as an industrial
designer and worked with clients in the new meddustry. The practice is also influenced
by the insight gained during the residency in thep&tment of Clinical Radiolo§y
Ninewells Hospital & Medical School, NHS Taysideurizlee. This experience was pivotal,

allowing me to interact with clinical staff and vi«an the clinical environment.

This chapter reflects on my method of visualisimatamy and disease process through the
medium of 3-D CGI. | highlight my practice-led appchand the themes that influence the
development of the visual material. | use the \Jiquactice as a means of challenging
established pathways to generate new aesthetioagpes. In the application of my own tacit
knowledge, | mix interpretative content with medidata to generate a series of 3-D CGlI

artefacts.

In order to gain insight and understanding of tlgmificance of my pathwayreflexivity is
used as a method of reflection. My method of asking the field of disease visualisation is
‘practice-based This ‘practice-based’approach provides me with the means of creating and
reflecting on 3-D CGI from alinsider's’ perspective. The notion of reflection on practige

the practitioner is argued in the work of Donaldh&t, who coined the terfpractitioner-as-
researcher;, or more generally referred to as tReflective Practitioner(Schon, 1983)This
reflection upon tacit knowledge embedded in thecess of carrying out a professional

practice is a pivotal point put forwaddy Schof’ and is critical to this doctoral thesis.

8 Clinical Radiology is an operational departmenhisitmost NHS UK hospitals, carrying X-ray, CT, MRIdan
Ultrasound scans on both ‘in-patients’ and ‘outiquas’.

8 schén argues the weakness of traditional modelesefarch is that they are carried out from afainbividuals
such as theorists or social scientists. Schon fartsard an approach based &meflection-on-action’ by the
professional rather than an external scholar.sb @rovides a mechanism ‘of.reflective conversation with the
materials of a situation.. SCHON, D. A. (1983 he Reflective Practitioner: How Professionals Thimlction
Avebury.
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Further examples of the importance of tacit knogkedre seen in the work of Polatlyi

Rusf! and Robsofi.

This ‘practitioner-as-researcherprovides what Carol Gray callmsider knowledge(Gray
and Malins, 2004 p.23), as opposed to ‘external’ perspective on visual practice. In
reflecting on his ownlinsider knowledge’l can justify my approach to the visualisation of

disease through 3-D CGI.

Based on this notion ofreflexivity’ | undertook this practice-led research in disease
visualisation through the constant evolution of EB1 works. Initially the chapter discusses
my immersion in the clinical context and descrilies residency at Ninewells Hospital and
Medical School, NHS Tayside, Dundee. This area istu$sion focuses on the technical
integration and the creation of new works that lexengaging visualisation of clinical data.
The 3-D CGI works demonstrate a merging of bothergdic data and arts-based

interpretation to establish an alternative medratbthe inner body and disease.

The aim of this chapter is to reflect on the makpngcess and identify the significance of my
exposition of tacit knowledge and interpretativéhpay. It does not impart a technical recipe
of how to create 3-D visualisation of the inner lambody, but highlights the evolution of
my practice-led approach. | argue that the inténgre3-D CGI, combined with clinical MRI

data, can present a new aesthetic with benefigdrutlinical imaging.

% Michael Polanyi also makes referenceRersonal Knowledge?OLANYI, M. (1958) Personal Knowledge:
Toward a Post-Critical Philosophy.ondon Routledge. Where tacit knowledge is retsmhas a contribution to
understanding. Polanyi talks of leaps of knowledgesays:lllumination...is the plunge by which we gain a
foothold in another shore of reality. On such plaaghe scientist has to stake, bit by bit, hisremtiofessional
life’ POLANYI, M. (1958) Personal Knowledge: Toward a Post-Critical Philosgpbondon Routledge.

1 Professor Christ Rust at Sheffield Hallam UK in higoer‘Design Enquiry: Tacit knowledge and invention in
Science’'describesillumination’ as a tacit process and event that cannot be arpldiy‘explicit reason’but still
has relevance to knowledge. This adeptly descrthesprocess of arts practice whéyg makinga leap of
‘illumination’ can occur. RUST, C. (2004) Design Eiy: Tacit Knowledge and Invention in Science. Desig
Issues.

2 Robson also defingsractice-basedesearch as..someone who holds down a job in some particulaaaand
at the same time carries out...inquiry which is oévahce to the job.” ROBSON, C. (1993) Real World &eke
Blackwell.
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| argue that my own personal practice and tacitwkedge has a place in computer-based
visualisation of disease. In each phase, | identify own working process, influences and
inspirations, in the creation of the 3-D CGI. Thergmse of this reflection is to afford a

transparency to the making process.

The evolution of the practice-led approach considta series of thematic works. In the
beginning, | explore the notion afrder among chaosas the works attempt to make sense of
the complexity of the MRI data. This is primarilghéeved through the wire-frame model,
which starts to open up alternative approachesstwing’ the data. Following on from the
early works that look at natural form, my work exas to explore spatial perspectives of the
aorta. This introduces more cinematic referencesudtimately leads to the introduction of
animated sequences. Thdsgrid animated works allow multiple reference inputs.evehl
mediate different sources of information in theguiir of a time-based visualisation of blood

flow.

The practice further evolves with a focus on lightand the isolation of human kidney from
the surrounding anatomy. This allows for calmness eeflection as viewer navigates the
work. This notion of tranquillity draws from paimgesuch as Vermeer, and his approach to
clarity of light, tranquillity of space and the g&gtion of tension in the subject matter. |
apply 3-D CGl techniques such as sub-surface-saatti soft shadowing to achieve a similar

aesthetic.

The final set of works looks at the vertebral ae®r drawing synergies with the natural
world. In the animatedTortuosity’ and the group of supplementary images presented, |
expose the sculptural qualities of the arterieds T where the evolution of my practice

ceases within the scope of the doctoral thesisywdradte a validation of the approach begins.



102

Through the creation of a series of 3-D CGI artisfaeny visual practice results in a
bandwidth of works that become distant from théimical MRI origins. | argue that this
method of practice, an evolving and immersive apphoresults in a method for developing a
more holistic inner body aesthetic. Taken togettier,3-D CGI artefacts across each of the
aforementioned themes, sees the emergence of atatesi moves outside thgoice of

medicine!

In the concluding part of this chapter, | refleat oy own aesthetic approach to data
visualisation. Ultimately, | argue that by applyingy own practice-led evolution of works,
the emergence of a new aesthetic creates dialogte wewer. This aesthetic is not

represented in one 3-D CGl artefact, but is visgaliacross the bandwidth of interpretation.

4.2. Immersion in Clinical Radiology

This doctoral research is a collaboration betweemseth and the department of Clinical
Radiology, Ninewells Hospital & Medical School, NH&yside, Dundee. The evolution of
the practice is the direct result of a two-yeaid&scy at Ninewells Hospital, Dundee. This
extended period of immersion in the clinical enairent started in March 2004, whereby |
was based at Ninewells Hospital for the duratiothef project. My office space was located

next to the MRI scanning area within the Clinicaldi®vlogy Department.

This immersion period was intentionally sought @eésa traditional 3-D CGI studio. As an
honorary member of the staff team, | was exposdatidalay-to-day operation of the clinical
department (see Fig.39) the goal being to haveafidess to the clinical staff, their expertise
and the MRI dat& This enabled me to focus solely on the developrokthe practice, and

to gain arinsiders’ perspective on the technology and practicalitfes@dical scanning.

9 Access to the hospital required approval by NHSsiiyand the author receivébnorary’ status within the
hospital Trust to work in an NHS environment andess patient data. The decision to base the eetisarcher in
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Fig.39- Clinical Radiology Ninewells, John McGhee, 200
The process of immersion was also used to gairttarbenderstanding of the problems and
opportunities for 3-D CGI visualisation in medid@aging. This resulted in all of the creative
3-D CGI work discussed in this chapter being preduciuring this time. A number of
motivational factors influenced this evolution ofympractice. These can be summarised

within three key areas:

1. First-hand experience- This period of interaction allowed me as a 3-BlGurtist, to

spend extended periods of time with health probesds at all levels, observing working
practises and confirming the limitations of curreliignostic medical imaging modalities.
This first hand experience of life in the clinicahvironment was very influential. Without
this opportunity to observe the knowledge gained mnparted in the clinical field, the

production of 3-D CGI visualisations would be muwhbre restricted.

2. Technical integration of data- A significant part of this immersion time wasesp with

the MRI team in Radiology, enabling me to examime data files generated by the clinical

Ninewells Department of Clinical Radiology was alstated to ethical requirements for patient conficity
and data storage (as specified by NHS Tayside)ilevitire 3-D visualisation could be displayed in thblic
domain for the purposes of research, the actuaMBNdata files had to be manipulated and accessadsicure
PC within Ninewells hospital. This also include@ gupervision and access to clinical data whilesutioe
guidance of Dr. Graeme Houston.



104

scanners (DICOM data). This exposure to clinicaligeent and patient scan data allowed a
working pipelin€” to be established and therefore the construcfidheosubsequent 3-D CGlI

visualisations and animations.

3. Creation of new visual work — The primary goal was to create new imagery and
animation works during the residency at Ninewellsspital. As indicated in the previous
chapter, the goal of this working practice was twtcompound thévoice of medicine’

(Mishler, 1984) but to represent disease and theribody in an alternative visual language.

Overall, the Residency made possible the practideapproach. With the clinical supervisor,
Dr. Graeme Houston, | instigated this residency aseans of pushing the practice beyond
the bounds of the traditional interaction spacevben the 3-D CGl artist based in the studio

and the medical practitioner.

4.3.  Establishing The Pipeline

The act of creating 3-D computer visualisations anonations based on medical scan data
requires a significant amount of technical expenitaBon prior to any creative intervention.
The intention was to use the MRI data as a stapgt for future interpretation, augmenting
it as a means for widening access to the lay vielwgas presented with significant technical
challenges, as the MRI data is stored on clinieativare in a file format that is proprietary
(DICOM)®. In this case, the DICOM medical file format seoeoss-sectional 2-dimensional
data along with detailed informatics on the pasename, age and scanner name and type,

amongst other details.

94 This ‘pipeline’ was informed by exploratory research work complétgthe author during the MSc
programme prior to the doctoral thesis. An MSc mmation and Visualisation was completed in 2003 by
the doctoral author. The subject of this postgrésluerk was an exploration of artisan methods of MRI
visualisation.

% Proprietary — A word used to describe software hatdware locked to a particular manufacturer
equipment.
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The goal was to link the data from the MRI scanshwthe animation software Maya.
Exporting the scientific data into a 3-D CGI softegpackage allowed the augmentation of
the data. During the early experimentation phage,techniques were explored; the first was
Volume 3-D reconstruction and the second wikrching Cubes Commonly used in

medical visualisation, both post-processing methwel® tested.

Volume 3-D reconstruction is the most dominant téghe for 3-D reconstruction in
medicine. This volume reconstruction technique URigels® and Voxel$' extracted from 2-

D image slice data in order to create a visualm3egiisional on screen representation of the
data. This is a relatively quick and less CentralcEssing Unit (CPU) intensive approach
than theMarching Cubes’algorithm. However, the use of Pixels and Voxelgently limits

the number of attributes that can be added by ihigabartist. Ultimately, this leaves less
scope for detailed animation work and | decided toogxplore this any further during the

doctoral research.

The second option for 3-D reconstruction is mestedageometry based on ttMarching
Cubes’ algorithm (Lorensen and Cline, 1987). Built frorrD2scan slices, this software
algorithm generates surface patches, which theld g a mesh, thereby forming the 3-D
shape of an object. This process is much more @mpkquiring more computational
resources to construct the mesh. However, as PGgemore powerful and affordable, this
polygon reconstruction has several compelling athges, with flexibility being the

strongest, as the surface geometry allows subsegupart to other applications.

Overall, the'Marching Cubes’algorithm was identified as the most appropriateamseto

realise the 3-D reconstruction process. After aglfiom the medical staff, it was suggested

% Ppixel — The smallest unit of used to construdigital image.

97 Voxel — A 3-D pixel used to represent a volumesoreen
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that MIMICS® software be applied and after continued experiat@nt, | established a 3-D
pipeline to make the MRI scan geometry accessibleMaya. The diagram in Fig.40

highlights each stage of the pipeline:

Fig.40 - Pipeline of data exporting, John McGhe&20

In Stage 1, the raw MRI data is exported from thel&canner in 2-D cross-sectional images
contained within a DICOM file. Stage 2 involves the image data being ingmbrinto
reconstruction software MIMICS. Through a processown as thresholding and
segmentatiora surface geometry is generated. The image idFighows a masking colour
being used in MIMICS to differentiate the aorta akidneys against the rest of the
background noise. This screen shot captures anriatpdataset that has betmesholded

andsegmentedjsing a green mask.

% MIMICS Software - software package that facilitaties thresholding, segmentation and 3-D meshing
required for making MRI or CT into 3-D geometry. MI®$S MATERIALISE (2005) MIMICS
<http://www.materialise.com/mimics/main_ENG.htmlActessed on 21/06/05]., made by the Belgium
company ‘Materialise’, specialises in rapid propatg techniques.

% DICOM - A file image format widely used in medidaiaging.
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Fig.41 — Segmentation and the Thresholding in MIMI&$n McGhee, 2004

Once the thresholding and segmentation is compli®lICS can then calculate the 3-D

object from the MRI data. This results in a 3-D $fI(Stage 3) file that can be imported into
Maya. Once in Maya, attributes such as coloururextlighting and animation can be added.
This process does not simply pass data betweewaseftpackages, but requires skill in

segmenting the data.

Through experimentation and practice, | fine-tutteglseparation of data, completing another
step in the practice-led approach. Being able foodxthe MRI data and bridge the gap
between scientific instrumentation and artisanveafé was an important first step in the

visualisation process. This exporting and bridgoigdata was not based on any previous

10357 — Stereo Lithography file, a digital data fanused for rapid prototyping.
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pathway but solely on my own trial and error exmenitation during the immersion perttd

This foundation stage of the pathway to visualisthgical data was critical, supplying the
digital model on which to add interpretation andrative. This first stage of refining the
pipeline demonstrates a new pathway for accesdingal data and importing the outputs

into Maya, and provides a practical reproduciblekivg model for other artists to use and

apply.

4.4. Wireframe models

With the pipeline established, | started to workhvthe first piece of MRI data. The data was
a series of MRI cross-sectional images taken frgpatient’s renal arterié%. These images
are acquired through an MRI process knowrra@sal angiography’whereby the patient is
injected with a contrast agent and a series of sequnences are acquired of the renal arteries,

the kidneys and the aorta. These resulting imageslastrated overleaf:

01 \while the processes were consolidated and refivitdn this doctoral research, the structure of the
pipeline was established on MSc work completechleyauthor at University of Dundee in 2003.

192 Renal arteries — the blood vessels that feed oo the aorta to each of the kidneys.
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Fig.42- MRI sequence of data, Dr Graeme Housto0520

The first output from the medical data (MRI) wasware-frame’ digital model. A‘wire-
frame’ is the most basic representation of 3-D digitalrgetry available to the 3-D computer
artist, designed as a means of early visualisatiwh manipulation of a computer model on-
screen. Once the data is extracted from the MR, athist is left with a 3-D model of the
anatomy, containing none of the colour and lightprgsent within real life photographic
situations. This provides a mechanism for intecaxctidisplaying a digital model ireal-

time'®. An example of the reconstructed wire-frame masellustrated in Fig.43. In these

103 Real-time— A term used in computing to describe a systeanahlows graphic manipulation without
any render lag time.
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wire-frame renderings, | catumblé® through, around and inside the 3-D mesh. This

familiarisation process provided me with a meanserploring the complexity of the

anatomical form as well as stimulating ideas feuel narrative and aesthetic.

Fig.43- Wire-frame kidney, John McGhee, 2004

The examples as illustrated in Fig.43 & Fig.44 destate thistumbling and surveying
process as | explore the geometry taken from a sttre human kidneys. These images are
not meant as fully rendered final shots, but prevédiigital sketchbookor exploring form
and composition. The image files provided me wittvindow into the body, although not
necessarily an understanding of the body. The datmires further visualisation and

interpretation to facilitate understanding andghsi

194 Tumble — A term used in 3-D software packagesescrbe a term for moving around a 3-D object
on screen.
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Fig.44 — Wire-frame view down the aorta, John McGl284

45, Natural form

Having explored form and composition in the wiraAfre model, | turned to tHeearch for
pattern’ in natural form, as an added point of reference.n@#k are the writings of 19th
Century artist and naturalist Ernst Haeckel (183944), in particular his illustrated book
‘Artforms of Nature’first printed in 1904 (Breidbach, 1998). Whilsghtly criticised for
being engaged imuasi-science’Haeckel produced detailed illustrations of aquéte that

explored the relationship between form and evotuffig.45).
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Fig.45 — ‘Artforms in Nature’ Ernst Haeckel (1834119

In his work, Haeckel searches for a partictdath embedded within natural forms to build on
his understanding of evolution. While much of hisieace has been discredited, his
illustrative works offer a form of representatidrat both communicates and interprets natural
form. In contrast ta@Gray’s Anatomy(Gray, 1916) it does not present a map of therahtu
world, but instead a degree of interpretative sp@acaavigate through the beauty of the
object. Haeckel's ability to capture order amontis chaotic and abstract forms of an

organism is pertinent to this research.
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In starting to consider bringing the wire-frame rebtb life, | was aware of Haeckel's intent
to strive for imagery that communicates the ordaoiagst apparent chaos, and the structure
inherit in the kidney’s natural form. This perspeeton working with the MRI data is shared
in a quote by Ann Thomas, from her bdBleauty of another order: Photography in Science’
(Thomaset al.,1997):

‘Observing the world with rigour and curiosity inaact of both art and science. Artists
scrutinize the world around them for its beautg, édbntradictions, and its signs of human
experience.(Thomaset al., 1997 p.76)

In this quote, Thomas captures the essence of prpaph to visualising this early scan data.
| probed this complex data fosigns of human experiencetying to navigate the often
abstract nature of the clinical files. In termsnoédical understanding, | gained assistance
from the clinical team when trying to establish thegure of the disease and the kidney’s

location in the body. However, differences soorapae apparent in the way in whichdok’

at clinical image data compared to the clinicians.

Scientific understanding of imagery is based orifferént type of truth’ (as described by
Thomas), one based on measurement and logical ileddciven by theuniversal laws’and
by ‘physical principles! Using the wire-frame conversion, my intention was to facilitate
didactic communication of the human vascular systemt to create a more holistic image
aesthetic that communicates the beauty and ndtmal of the human kidney. This lead to

the creation of my first interpretative 3-D CGI Wpentitled'Medulla’.

Development of ‘Medulla’

This early surveying of the wire-frames drew meidentify areas of visual interest, in

1105

particular pattern and natural form. Thdedulla™ was the first image of 3-D computer

visualisations developed during this early expentakprocess. The 3-D wire-frame image in

195 Medulla— A word meaning internal structure.
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Fig.46 was the starting point and represented tofabe functional area within the human

kidney, as collected by the MRI.
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Fig.46 - Wire-frame kidney in Maya, John McGhed)20

In the final rendered 3-D visualisation, the ins&ucture of the kidney is exposed through
transparency and composition (Fig.47). In this wortkave isolated the kidney from the rest
of the geometry and rotated it to be viewed inradégape format. Transparency has been
added to allow the viewer to see the blood flowtgyat inside the kidney tissues. The goal
was to produce an image with a degree of sengihititan attempt to bring the viewer closer
to the nature and beauty of inner kidney structare] also as a means to penetrate the

complexity of arterial disease.
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Fig.47 — ‘Medulla’, John McGhee, 2004
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Fig.48 - ‘Medulla’- Visualisation 1, John McGhed)@&
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Fig.49 - ‘Medulla’ — Visualisation 2, John McGhe&)04

The images in Fig.48 and Fig.49 contain a visuaimioay that captures the detail and
complexity of the human kidney. The intention oistlkeollection of initial works is not to
inform the viewer of the mechanical processes wewlin blood filtration, but to start to
develop an aesthetic language for communicatioris Epproach replicates that of a
cinematographer’s function in filmmaking; | definad control the visual style and feel of the

production shoot.

Using CGl lighting, | have developed a visual giyalhat renders the image more like glass
than soft organic tissue. The transparency of thedWa 3-D CGI work in Fig.47 in

particular provides a simulated optical effect telbws a structure within a structure. This
aesthetic style translates the human kidney intecr@en based digital artefact with an

alternative approach to threductive’, avoiding thevoice of medicine’
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Overall, the 3-D imagery is not how the actual honkédney looks if photographed, but
rather a 3-D cast of where blood flow penetrates riénal artery and the kidney's inner
structure. In isolation, this visualisation of tkidney is redundant in a didactic context. It has
no narrative or story attached, and so hangs inamids an arts-based artefact, revealing its

inward significance, paralleling Aristotle’s degition of art.

4.6.  Spatial Perspectives — Aorta

In these new works, | reflect further on the saneee of vascular data, but also incorporate
the blood vessels attached to the kidneys. Thesselseare the renal arteries and the aorta.
The purpose of the renal angiography is to idemgftricted blood flow from the aorta to the

kidneys through the renal arteries. The MRI scgiuwas this connected vascular system at

one moment in time.

Using the wire-frame model, | focus attention oa #orta and renal arteries, considering the
visual aesthetic of this hidden inner structure. Myaction to accessing these particular
datasets was one of exploration and perspectitreerefore experimented at length with the

cinematic, pulling from external cultural influersci® arrive at a visual aesthetic that exposes

the spatial quality of the arts-based artefact.

As with the'Medulla’ work, Fig.50‘Stenosis’is a reconstruction of the aorta from the MRI
data. | have added interpretive red blood cellsipgsthrough the vessel. Initially, the blood
cells were added because the MRI only providesy@grdssion of blood flow at any given
point in time. It does not capture an impressiothefindividual blood cells moving through
the vascular system, instead it highlights bloogvfhs a liquid cast, leaving an impression of

the vessel’s structure.
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In the right third of the image, a narrowing in tte@al artery can be seen; this is delivering a
limited blood supply to the kidneys. | am primanytdrested in the development of an
aesthetic language that describes the body moistibally, as opposed to one thaerves

science! It is therefore important to acknowledge that MBI data comes from a patient

with arterial disease.
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Fig.50 — ‘Stenosis,” John McGhee, 2005

In ‘Stenosi§ | render the anatomy with a transparent shaddrahighly reflective surface.
The organs are placed outside any bodily context,aae viewed in a landscape format. In
this work my interest is in communicating the visgaality of inner spatial exploration. It is
an image that both communicates the functioninthefrenal arteries and highlights to the

viewer, through the use of transparency, the compizof the vascular system.
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In Fig.51 ‘Aorta Perspectivethese themes continue. This 3-D CGI work is in gadtrtand
demonstrates another external view of the inner @mrody. It has a strong, almost
exaggerated feeling of perspective, as the aos@pgears into the distance. This richness of
colour, light and scale lends itself to the cinémathis position is compounded by the use of
the black background, which again gives a feelihgpace exploration, drawing the viewer’'s

eye to the blood vessel.

Fig.51 — ‘Aorta PerspectiveJohn McGhee, 2005

In terms of composition, the image layout presentfeeling of a larger space. It is the

introduction of alternative camera angles thatvedlthis sense of scale to be conveyed. At the
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time of creating both of these images, | was awtia this use of scale allows the
examination of detail that otherwise may not bens@éis examination of awe and beauty are

not considered by the MRI medical gaze, which tiseslata for diagnostic purposes only.

Having considered the aorta from the outside logpkim | continued to explore the spatial
gualities of the data, by engaging in an exploratibthe interior of the blood vessels instead.

A snapshot of this exploration can be seeimeframe’ Fig.52.
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Fig.52 - ‘Wire-frame Aorta’ John McGhee, 2005

By placing this digital camera inside the aort@aae-like interior starts to emerge from the
data, as the model is rotated and digitally surgdeyéis suggests a feeling of isolation within
a very large passageway or tunnel that winds itg tieough the human body. Unlike the
‘Medulla’ work, this stepping insidéhe aorta enabled me to explore yet another engagin

structure, within an overarching complex form. Bgaging the viewer inside the structure, |
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introduce a sense of audience participation, chgile the viewer to explore this vast space

further.

As before, digital lighting and illumination werdded to the wire-frame model. An example
of this can be seen iRig.53whereby soft lighting is applied to create a difwirface and

reinforce this sense of isolation within the tunlilet space. This is not reflective of reality as
it shows a blood vessel with no blood inside. Tikishtentional, as | endeavour to examine

this interior structure without the distractionparticulate blood flow.

Fig.53 — ‘Aorta’, John McGhee, 2005

Interestingly, work on the aorta commenced durimgMSc, with an animated sequence of 3-
D CGI works that endeavoured to introduce moventerthese vessel walls. However, this

work did not possess the visual sophistication eindmatic language developed during the
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doctoral work. The image below (Fig.54) is takeonirthis animated series. It uses basic
textures, rather than the more sophisticated hghtechniques adopted in the later work. Nor

does it have the same cinematic richness.
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Fig.54 - ‘Aorta animation’, John McGhee, 2005

In Fig.50, Fig.51 and Fig.53 | attempt to generatealternative spatial representation of the
aorta and the renal arteries using MRI data. TBeBeCGI images have been influenced by
my own exposure to cinematic references. The twetnabvious examples to cite are

‘Innerspace’(Dante, 1987) antdFantastic Voyage(Fleischer, 1966).

In ‘Innerspace’ a variety of internal body spaces are encountdngd.ieutenant Tuck
Pendleton as he moves through the body. Many offithnes sequences draw from the
science-fiction genre, with tight camera angleddimghe blood vessels. The visual style

places the audience inside the blood vessel byirsgtide camera down arteries among the
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red blood cells (Fig.55). The feeling is one of anding danger and a fight against time, as

the oxygen supply runs out in the piloted craft.

This Warner Brothers feature film won the Oscarlfest Visual Effects in 1987. It predates
much of the digital 3-D technology of today. Theual effects are built using physical 3-D
constructed models. Large pieces of tubing, usat wiastic corpuscles, simulate blood
pumping through a blood vessel. The images of hedovessels are dark and cave-like, with

the cinematography presenting a feeling of impemndianger.

Fig.55 —‘Innerspace’ inside an artery - Warner Bra987

‘Innerspace’ draws much of its inspiration from the 1960’'s filfRantastic Voyage’
(Fleischer, 1966)-antastic Voyagefollows the adventures of a crew inside a miniaed
submarine injected into the body of a diplomat. Tlnenan body is presented as a fantastic
and inspiring place but at the same time dangeaadspotentially fatal. The visual narrative
used in this film presents the body as a hostileirenment. As seen inlnnerspace’,
‘Fantastic Voyagealso engenders this theme of the fight against,tiwhereby the crew of

the submarine have to escape the body before aggemhent.
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Fig.56 — ‘Fantastic Voyage’, inside the ship {"2Dentury Fox, 1966

The blood flow sequences ‘lRantastic Voyage(Fig.56) engage the viewer with psychedelic
blobs of oil, representing the strange and alielis ceithin the body. This style of
visualisation describes a foreign and mystical @létat draws on deep-sea exploration.
When the crew leave the confines of the submatimey; use scuba gear to swim towards a
brain tumour in order to kill it. This reinforcese notion of the inner body as a deep and dark

oceanic place.

The narrative and visual language used in bothedd feature films have laid the foundation
for 3-D CGI screen-based renderings of the innedybd'he cinematic attributes cited
replicate many of the narrative styles used in leidical television documentarie¥he
exploration of the unfamiliar landscape, the usspzice travel and deep-sea metaphors, and

the representation of the body as a hostile enwieon, all form part of this visual aesthetic.

While undoubtedly drawing indirectly from thesetouhl references when creating these 3-D
works (Fig.50, Fig.51 and Fig.53), | do not strivereplicate this portrayal of the body. This

is because the complexity of the body’s internaicitire is often overlooked or presented in
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a negative manner in thbody inperil’ narrative. This does not fit with the desire teate a
more holistic image aesthetic that communicatestyesnd natural form. Nor does it give the

viewer time to reflect on the detail of these insg&@uctures.

4.7.  Hybrid approach

In Fig.50, Fig.51 and Fig.53, draw from cinematic references, incorporating myn

interpretative style through a more personal réfl@con the spatial and structural qualities of
the inner body. The importance of reflection andeshbing the detail collected by the MRI
scanner is critical to the success of this holisfiproach. With this in mind, | revisit the
same piece of MRI data. However, the augmentatandved to the next level, through the

introduction of blood flow particles and the aesithef movement.

The particles used ifStenosis’do not replicate the way in which blood moves tigto the
arterial system. The movement of blood in the huimady follows a cycle, one that bursts,
twists and pumps through the arterial system ofvessels. The motion provides an aesthetic
of movement absent from static MRI. These animaititibutes were central in the
development of a series of animations depictingdbliowing through the aorta. While the
cinematic examples cited above provide some degfragdluence, my objective was to focus

on the essence of flow, rather than a factuallyezdirendering of blood flow.
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Fig.57 — ‘Flow 1’ animated blood flow sequence, JdhecGhee, 2006

My objective was not just the raw, unmediated iypant of medical fact, but the
communication of the rich structure and texturettif complex cycle of blood flow as it
moves through the vascular system. In doing soathmated work entitledFiow’ (Fig.57)

was created. This reflects the rhythm of blood flowcontext; the spatial attributes are

present, as are aspects of the other earlier wadh as structure and form.

In this animated sequence, we see blood flowinguiin the aorta from both the exterior
(Fig.57) and the interior of the vessel (Fig.58)isTsees the culmination of different spatial

approaches in an animated sequence, rather thaticasgquence.
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Fig.58 - ‘Flow 2’ animated blood flow sequence, JoheGhee, 2006

The screenshots seen in Fig.57 and Fig.58 showltduel pumping through the transparent
aorta and split at the femoral arteries. This heenlcut together with shots of the interior of
this vessel, as the camera moves along the aoli@wiiog the red blood cells. The
construction of this work saw the introduction diat | term as thlbybrid approach, whereby
multiple reference sources such as drawings, vidgference and my own personal

interpretation are used to visualise the MRI data.

The first input for the development of this hybrahimated imagery of blood flow was the
MRI data from the scanner at Ninewells HospitalisTdata allowed the generation of a wire-
frame model of the aorta vessel and kidneys. Therskinput was a moving sequence taken
by an MRI scanner of a human heart pumping blooolutih the aortic arch. The footage of
this clinical data was used to inform my animatiminthe blood particles as they move

through the vessel. The third input was the drawsggDr Houston, which was used for
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similar ends and provided me with a graphical regnéation of the heart cycle and therefore
the pattern of blood flow. | was the fourth andafimput, bringing my own vision to the data,

based on interpretation of all of the above inplitsese four key inputs are summarised in

Table 4-1.
Input Summary Sample Image
1. MRI data The MRI data used to generate a
digital wire-frame of the aorta.
Appendix B
DVD
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Chapter 4
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MRI Scan of the Aorta — Dr Graeme Houston &
Trudy McLeay, 2004
2. MRI video The MRI slice data acquired ove
heart footage | several seconds of a beating heart
from a test subject at Perth Roya
Infirmary in 2005.
Appendix B
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MRI animated cross-sectional slices, Dr Graem
Houston & Dr Steve Nicholas 2005.
3. Drawings Dr Graeme Houston generated a
and verbal series of drawings to communicate
explanation rhythm and parameters of blood
flow. These were supplemented by
verbal explanation.
Graph drawing of the heart cycle, Dr Graeme
Houston 2005.
4. Artist's own | My own vision for the body space
vision of the based on the cinematic reference
data material. Draws from pattern and
fragility references.
Appendix B
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. . Section 4.7
Final animated 3-D CGI render, John McGhee
2006

Table 4-1 - Summary of Input on ‘Flow Animation’hddVicGhee
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My role was to combine these four inputs, actingresliatorin the process of visualising
disease. | collected these multiple reference pant scientific data, converting them into a
single 3-D CGI artefact. The final animation is gbhd of clinical knowledge and data,
combined with my own vision of the body. This apmb to the development of visual
material challenges existing models of biomedic@l @ffering the viewer a time-based

experience of the data as opposed to static imagery

This time-based approach was achieved throughgheiscripting and key framing dynamic
effects, to generate the tumbling and pumping motibthe blood as it moves through the
vessel. The still from the animated sequence in5Bighows the wire-frame render from
Maya of the blood movement. This was achieved a#eeral weeks of experimentation and

mediation of the reference material.
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Fig.59 - Blood flow wire-frame, John McGhee, 2006

‘Flow lines’

The notion of distancing the viewer even more fribia actual photographic reference saw
the development of a further series of animatidrese 3-D CGIl works were intended to
exclude light and visualise the data through lifdse MRI data and the hybrid approach was
still the starting point, but instead of adheringhe style of the previouBlow’ animations, |

explored the use of line as a way of outliningltbhendaries of the geometric form.
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Resulting from this period of reflection was th®Zomputer animation entitlé&low Lines’
shown in the screenshot Fig.6G:low Lines’ was completed using non-photorealistic
rendering techniquedhis particular animation allowed me to extend nigual language

whilst simultaneously distancing the viewer frome tharsh reality of the photographic

approach.
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Fig.60 - ‘Flow Lines’, John McGhee, 2006

| have used only three colours in the animatioad, white and black and none of the scan
geometry is shaded. The animation uses outlinedefme the shape and depicts blood

flowing down the aorta. The aesthetic style and ééeFlow Lines’ confers a diagrammatic

guality to the body.



131

4.8. Lighting and isolation

The inner human body is completely devoid of daligt is a space that functions in
constant darkness, only ever illuminated by thevisible spectrum of MRI and X-rays. As a
continuation of the influence provided by the ciagic works cited, | focused on CGI
lighting'®® as a means of augmenting and interpreting thécalimata. In this section, my
intention is to explore how, in my own work, integpve CGI lighting can be used for the

purpose of illuminating the anatomical wire-framegal

In the following works, | continue to explore thiswal aesthetic with the same piece of MRI
data as used in all of the previous works. At gomt in time, my interest is in isolating the
MRI data from the body completely, to explore theictural and more abstract qualities of
the kidney. Ultimately, the intention is to crealistance from the kidney’s function so that

the viewer is then challenged‘see’ an alternative description of the kidney’s form.

In the 3-D CGI image presented‘@ortex’ (Fig.61)completed in 2006, my intention was to
drain the object of colour and generate a fragilality to the kidney to convey to the viewer
feelings of isolation, reflection and calmness. MRl scan generated a surface impression
of the kidney that | was keen to communicate. Basethis impression, | made the decision
to render the organ smooth and stone-like to craateassuring shape, surrounded by soft
light and shadows. This image contains little madioformation and the objective was to
encourage discussion and engagement feitin rather than the communication of disease

function

196 Gl lighting — Computer generated light is a prosglsre CGl artist use digital light tools in the 3-
D animation software packages to build a lightilgg This is often based on a real world referengehs
as a photography and/or art direction.
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Fig.61 — ‘Cortex’, John McGhee, 2006

This work saw a departure from rendering a styli8&l look, and was a first attempt at not
focusing in on a photorealistic sculptural aesthelihe image in Fig.62solation’ was
reconstructed from the same kidney data as befareed the data to generate a foetal-like
quality to this work, using lighting techniques asarface quality to generate the desired
aesthetic. The resulting style looks less digitatl @ynthetic. Using film grain and sub-
surface-scatter techniqi€sa more organic style is created that distancesiéveer from the

underlying digital technology.

197 Sub Surface Scatt¢BSS) - A rendering technique used in the commriagohic industry to replicate
the semi-translucent reaction of light on humamski
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Fig.62 - ‘Isolation’, John McGhee, 2006

This image (Fig.62) is of an object that has mawdEural features. The introduction of film

grain to this image, combined with the low leveajhliing, creates a sense of warmth and
breathes life to the inert object. This glow issimiled to create parallels with human skin and
its reaction under soft lighting. This image allothie viewer to engage in the beauty of form

present in the human anatomy.

Masters of Light

| drew my inspiration forCortex’ and‘lsolation’ from the approach and work of tHgutch
Masters of Light’ (WalterArtGallery(Baltimore), 1997). This group aftists portrayed a
unique perspective on lighting and image fidelithey lived during the Dutch Golden Age of

painting, with painters such as Vermeer (1632-1&r&xting a new approach to painting.
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The work of Johannes Vermeer is of distinct intebesause of his visual clarity and optical
precision; Vermeer's command of interior lightingda3-D perspective provides a benchmark
and point of inspiration. Many parallels can bewdrdbetween Vermeer's work and digital 3-
D computer graphics, particularly his ability tocarately depict 3-D perspective and to
control and describe light. The subtlety of theseibaites is critical for the creation of

visually engaging CGI work.

Exploring Vermeer’s paintings was highly benefidialthis research project. For example, in
the paintingThe Milkmaid’ (1658-60) (Fig.63Vermeer presents a crisp and almost perfect
optical clarity, and yet he worked in a medium tlmatg predates photography. The visual
guality of the interior contains a quality of saranty and isolation from the outside world -
his subtle shadows and natural illumination comroatimg a feeling oftranquillity’ and
‘calmness’(Bailey, 1995). The milkmaid is deep in thoughidaeems to hide an underlying

‘sadnessbr even a possiblegnsion’

This notion of tranquillity and tension and its @doxical nature is a recurring theme within
Vermeer’s work, and resonated with my own issuestefpreting disease. Vermeer’s colour
fidelity and illumination of fabric, skin and stor® also sharp, yet it is not photographic. It
preserves a human quality, of reflection and inmtggtion, providing the viewer with an

optical standard that combines realism and intémpom. This notion of tranquillity and

tension as visual qualities is something that cdnddelated to the visualisation of the inner
body. Based on the residency in Radiology, | fek inner body could also be seen as

offering sanctuary and tranquillity as well as hiotdthe potential for danger and tension.
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Fig.63 - ‘The Milkmaid’' — Johannes Vermeer, (16%5-6

The Dutch masters were themselves heavily influgrime the 18 Century Italian painter
Michelangelo Merisi da Caravaggio (1571-1610). @aggio painted predominantly
religious scenes, using lighting in a new way, tngawhat we would now term as a
cinematic effect in his works, engaging the massdRenaissance lItaly with a raw clarity.
Through Caravaggio’s use of lighting and cinematiesentation, the viewer is drawn in as a

participant in the unfolding drama, closing the gapveen viewer and painting.
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These notions of the cinematic, illumination androming the gap between image and
audience lie at the core of the 3-D CGI works @édhus far. Both Caravaggio and Vermeer
apply light and detail to engage and inspire thewveir, and in a similar spirit | produced a
series of works exploring the kidney’s shape amthfwith this in mind. This is seen most
vividly in ‘Cortex’ (Fig.61) and'‘lsolation’ (Fig.62). This work saw a departure from
rendering a stylised CGI look, and was a firstrafieat not focusing in on a photorealistic

sculptural aesthetic.

The work of Swedish photographer Lennart Nils§br(Nilsson, 2006, Nilsson and
Hamberger, 2004) and his images of the human fa@tgsinfluenced the work during this
period. His illumination of human tissue and useimternal lighting are of particular
significance. Nilsson’s photography of the humarbsm in the womb communicates a place
of tranquillity and quietness. The image in Figi§4ne such example where the embryo has

been photographed in close-up. Nilsson’s use btihg lends the image its warmth and soul.

198 | ennart Nilsson — A Swedish based photographer té® captured many images of the human
embryo in vivo.
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Fig.64 - Foetus, Lennart Nilsson, (2007)

| carried out further development work to engendesimilar visual quality to that of
Nilsson’s work. This was in stark contrast to th@gHhtening and intense environment
portrayed in‘Fantastic Voyage’(1966) or‘Innerspace’ (1987). Nilsson’s aesthetic of the
womb influences the way filmmakers portray the hddy example in the BBC documentary
‘Life before Birth’ which depicts the development of the foetus fromception to birth,
beyond thebody in peril' narrative. The optical clarity present in Nilssbrmork matches
many of the qualities of Vermeer’s, where light cave to calm and neutralise the inner

body space.
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The illumination and light of the inner body prog&ithe 3-D CGI artist with space in which
to express and communicate the body form. My goaé wot to produce works that
necessarily communicate disease but rather deterairtew aesthetic and body of work with
which to question established pathways towards atiedi of the body. Again this period of
interaction with the scientific data provided evide of a non-technical artisan pathway that

does not serve science, but builds on the taciviedge of the artist.

Beyond Photorealism

The 3-D CGI works produced during this period ofking have thus far focused on a
somewhat photorealistic lighting approach. The iloesnonetheless arose in my mind of
how the boundaries of the visual-practice mightesgended beyongphotorealism*®® and
into further visual interpretation of the data. fdtigh the work of Flow Lines’ was non-

photorealistic, | was keen to revisit these prifegpvith previous work, such aslédulla’.

The tools available to 3-D CGl artists are at &lavhereby photorealism can be achieved in
the context of creating digital anatomy. The imaéigd-ig.65 is a computer rendering of a
heart created by the Swedish digital 3-D artistidiel Bengtssdf. It is a highly proficient
piece of 3-D CGlI, whereby the artist has creat@th@torealistic rendering of the heart. The
image in Fig.66 is taken from actual body surgdrgough an endoscope camera. It is a piece

of video work recorded by surgeons for applicatiotihin a teaching context.

199 photorealism — A description of CGI that strivesréplicate photographic realism in the rendering
process.

1103.D artist Michael Bengtsson’s work can be seen at
<http://www.highend3d.com/gallery/objects/Heart-72nb{{Accessed on 08/04/06]
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Fig.65 — ‘The heart’, Michael Bengtsson, 2006

Fig.66 — Endoscope footage of the human kidneyGiaham Adamson, Ninewells Hospital, 2005
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If the images in and Fig.65 and Fig.66 are comparedy little difference in visual quality
and representation can be found. However, in mggme opinion, the visualisation found in
Fig.65 demonstrates technical vision, rather thiigtig interpretation. At the other extreme,
Fig.66 portrays a visceral and confusing (to theeewer at least) rendering of the inner
body. Neither presents an aesthetic that helpsnnfine viewer of the body’s function or

form. Both are saturated, visceral, chaotic anthéday viewer, potentially frightening.

4.9.  Synergy with the natural world

As the making progressed, my exploration movedotan and itssynergywith the natural
world. | examined the raw MRI data in both 2-D &3®, and sought to try to make sense of
anatomical structures. The data was often chaatimplex and difficult to understand, even
in a 3-D format. As a result, | extracted meaniranf the MRI data and its underlying form

by making comparisons with the natural world.

Fig.67 — MRI of the vertebral arteries — Graeme Kimm, 2006

Appendix B
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The series of 3-D CGI works produced during thigqeelink our internal structures with the

natural world around us. | used a new piece of Mi&#&, in this case a scan (Fig.67) taken of
the vertebral arteries, a group of blood vesses fbed blood from the heart to the brain.
Using this data, a series of time-based sequenees pvoduced which explored the detailed
forms of the arterial vessel. These arteries hasenaplex and tortuous form, hence the term

1111

‘tortuosity’™, as they twist and turn their way away from tharhe

The image in Fig.68 is a static screen shot takem fa moving sequence of the vertebral
arteries. This animation depicts the vertebralr@sefrom different angles utilising camera-
panning techniques. It exposes the complex andnastsculptural form of these arteries,
which are located in the neck, leading up into kinain. To complement this animated
sequence, | also created a collection of threkimiiiges that explore the forms present in the

vertebral arteries. These can be seen in Fig.§97/@and Fig.71.

These 3-D CGI works function together as a colbecf images conveying the sculptural
and tortuous form of the vertebral arteries. Tda&ses applies the language of photography
using depth of field"® techniques, to focus the viewer's attention oriouaraspects of the

form.

11 Tortuosity— A clinical word used to describe the twistedestsf some types of blood vessels.

112 Depth of Field — An effect achieved in photogragimg filmmaking whereby the photographer can
control the focus of an image through lens andtapeadjustments.



Fig.68 - ‘Vertebral Arteries’, John McGhee, 2006

Fig.69— ‘Tortuosity’, John McGhee, 2006
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Fig.70 - ‘Vertebral Arteries’, John McGhee, 2006

Fig.71 - ‘Vertebral Arteries’, John McGhee, 2006
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In ‘“Tortuosity’ (Fig.69) the viewer is presented with an angleing up from the heart and
chest region of the body, towards the head andh bfdie artist addedlepth-of-field'to draw

the viewer through this complex geometry, with Wegtebral arteries spiralling upwards like
the inverted roots of a tree; twisting and turnipggviding an intricate tangled network of
arteries and vessels that feed the brain with axy@éese structures within the body are
formed by the flow of blood as it passes roundlibdy through tissue and bone, and again
like the branches of a tree, the forms are theltrefthe processes of time and pressure. The
supporting images develop these ideas further,liglging the detail in the arteries, and

presenting images with a fragile and ornate quality

Linking the body and the landscape

Based on viewing the data on the scanner and amglirse 3-D wire-frame, it became clear
that many of the forms within the body were repkchin nature. The inner body’'s
appearance resembles our visual perception of xtezral landscape around us, shaped by
weather patterns and the seasons. While it is thedrthe inner body is not exposed to the
circumstances of the external world, we have ewblfrem simple organisms into a very
complex collection of cells. This aesthetic wasduae a means of relating the real world and
the landscape to the body anatomy and diseaseargfpthis link with the landscape, | used

photographic reference material in order to gagéivedence of these visual synergies.

During this period of exploration, visual paralleligh the natural world started to emerge. In
the case of the MRI renal data, the process stavittdone image of the Colorado River
Delta (Malins, 2002), which resonated in my mindisT satellite photograph, shown in
Fig.72, records the Colorado River Delta fanning aaross the landscape. This natural
phenomenon replicates itself in similar ways in own bodies, as vessels branch and feed

blood to every patrt.
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Fig.72 - Colorado River Delta, (Malins, 2002)

In a same way as a painter or photographer migb¢reb and survey a landscape prior to
starting an artwork, | took a number of photografansvisual reference before commencing
this work. For example, the photograph taken in#gcaptures the distorted and warped
structure of a tree trufk. The tortuous and twisted nature of the tree neatahany of the

images collected from the MRI scan.

These photographic images represent the synergyebgrtthe natural world and the internal
body space within every human being. This matcloihthe internal and external landscape

can be explicitly seen in a comparison betweer/Eid-ig.73 and Fig.74.

113 The author took photographs locally to assishndevelopment of this narrative.



Fig.73- ‘Tree roots’. Photography, John McGhee, 200

Fig.74 — ‘Vertebral Arteries’, John McGhee, 2006
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When creating this series of works, | was searcfongeassurance from the natural world in
order to consolidate the research. The lack ofaliseference material provided by the MRI
scan data is a challenge that | have to overcorne.apparent synergy in structure and form
present in animals, humans and the natural woddige me with a method for making sense

of the‘chaos’ that is found in the MRI data.

4.10. Unfinished work — the digital sketchbook

This process of exploring, linking and making seofsthe more complex MRI data continued
with two additional works of experimental 3-D CGbokks. These works were visualised from
MRI renal angiogram data. In this particular cabe, aorta’s lumbar arteries and the blood

vessels in the lungs are visualised.

In Fig.75 and Fig.76 aough shader” is applied prior to colour being added to the 3-D
wireframe. These images display the aorta from laerly patient, which has become
distorted and become more tortuous as it weaveshndbe spinal cord and splits at the
femoral arteries. These images are excerpts froat Werm as thédigital sketch bookand

are my attempt at making sense of the data andexglthe form that is present.

114 Rough shader is a colouring to the wireframe thaviges quick interaction and manipulation by the
artist.



Fig.75 - 3D aorta ‘rough shade’, John McGhee, 2006

Fig.76- 3D aorta ‘rough shade’, John McGhee, 2006
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Fig.77 - ‘Lumbar Arteries’, John McGhee, 2006

The render in Fig.77Lumbar Arteries’is the final visual image produced from this ddta.

presents the viewer with an image of pattern apdtigon, showing the aorta as it twists and
turns. While this scan data is taken from a patigmd may be suffering from arterial disease,
there is still beauty and complexity in the geopgiresented. The lumbar arteries provoke a

sculptural quality as they emerge from the aok® the legs of a large centipede.

This process of ordering complex form and makingseeof a saturated piece of clinical MRI
data (Fig.78) was applied in the image entitlathgs’ (Fig.79) | again continued to explore

the complex structure that exists within the vesgbht feed blood into the lungs. The
intention is to expose the structure, but provie tiewer with an engaging form. In the 3-D
CGlI work in Fig.79, digital lighting has been addedgive depth and expose detail of this

structure. The 3-D CGI image takes on a coraldjieality and a complexity of form.



Fig.78 - MRI Renal Angiogram, Dr Graeme HoustorD20

Fig.79 —'Lungs’, John McGhee, 2005
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This final stage of investigation probed more camrppieces of clinical data. In the first few
pieces, the MRI data was more simplistic and ofi@eused on specific organs in their
entirety. In the Lung and Lumbar arterial workse ttomplexity of form and structure is
increased. These works are not complete and regraseontinuation of the exploration of
the clinical data. Further digital sketchbook wodas be found in Appendix A 8.2 (Fig.108

and Fig.109). Appendix A
Appendix 8.2

4.11. Conclusion

The outcomes of this evolutionary practice phasdude refinement of the process of
importing the MRI data into Maya and blending ipretative techniques. Thereafter, a full
articulation of my visual approach through the etioh of the practice is given. Ultimately, a
series of 3-D CGl artefacts that do not confornth®‘voice of medicineare created. This

results in the establishment of a bandwidth ofrpritive works that | use to highlight my

own visual aesthetic.

In the first instance, a visualisation pipeline veasablished for accessing MRI data in Maya
and generating wire-frame models in 3-D CGlI. THintification of a pipeline allowed me to
build 3-D CGI models of the clinical data that abuhen be augmented, enhanced and

interpreted through the tools of the CGl artist.

‘Medulla’ was the first significant work to emerge from #gerimentation. It provided an
image that presented beauty and form visualised fhee 2-D MRI renal angiogram data. The
images created during this period allowed me td@rand play as | searched to make sense

of the data.
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The proceeding works explored themes that movedorbythe established medical
visualisation approacihe first 3-D CGI work that did not adhere to sti@n reality was
‘Stenosis! | moved the 3-D CGI artefact outside the domainsadence and used the
cinematic to distance the viewer from the subjecatter. This self-expression has
implications for the field of disease visualisati®y changing the baseline data, the artefact
no longer becomes accurate in the eyes of scidricave introduced a parameter that is
empirically difficult to measureinterpretation. However, this process of augmenang
integrating cinematic and arts-based lighting eansin'Stenosis] provides a viewing mode

whereby the audience engages in the dialogue dffere

The creation ofFlow’ and ‘Flow Lines’ drew influences from multiple arts-based and
scientific sources, whilst trying to retain medic#drity. It became clear during this phase of
creating the work, that to construct an image th@th communicates medical clarity and
provides alternative ways of viewing disease arat@ny is challenging. While it may not be
possible to actually create an artefact that cae Imedical clarity and possess an arts-based
integrity, these works assist in plotting tbandwidth of interpretation’contributing towards

an alternative inner body and disease aesthetic.

Digital lighting was used as a means of evolvirg Hpace as the 3-D CGI pieces continued
to emerge:Cortex’ and’‘Isolation’ provided works that communicated the surface anch f

of the human kidney, placing it in an ambiguousuél space. These works are distant from
the clinical MRI data they originate from, and tfere become more arts-based artefacts.
Again, this raises questions of validity and cdnition to the field. | would argue that these

two works address visual aspects of inner body flootnseen in current modes of biomedical

visualisation or animation. However, in what contdgses this work have value?

In the 3-D CGI work entitledTortuosity’ and the proceeding works, the theme first exposed

by ‘Medulla’ continued, that of finding order and form amongashaHowever, these works
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endeavoured to go beyond that single theme andeded to use synergy and parallels with
the natural world to make sense of the MRI datas Tihking of form with the natural world

allowed me to shape my aesthetic, providing reas®arin the interpretation of the data.

Evolution

The evolution of practice as seen in the 3-D C@facts generated, allows the plotting of
what | term as théandwidth of interpretation’ As the works progress, they became more
distant from their scientific origins. Each artéfaas varying levels of medical clarity as the
work strives to communicate attributes outsidediuactic, for example form, structure and

fragility.

The practice did not strive to create an evolutdbnwvork that led to one single artefact that
encapsulated scientific clarity and arts-basedpnétation. | instead chose to create a series
of 3-D CGI artefacts that combined data with intetative themes. These themes such as
‘synergy with the natural world’, ‘the cinematiand ‘natural form’ were based on my own
reaction to viewing and navigating the complexitghe MRI data. The resulting artefacts are
a blend of my own interpretation of the MRI datdhweach image offering different levels of

anatomical clarity and arts-based representation.

Questions raised

While the material discussed in this chapter expasy own practice-led approach to
creating the works referenced here, it is stilllaacwhether the imagery has value. | feel the
works sit within abandwidth of interpretation’ This evolution of the practice demonstrates a
progression of work that may communicate a morerjmetative arts-based insight to the
body. However, the value of this work is uncleaeither the field of arts or clinical imaging.
As a result of this uncertainty the following quess arise: if clinical data is augmented or

becomes distant from its scientific origins, doefose integrity? Also, if the practice-led
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approach relates primarily to the aesthetic questiod establishes a new aesthetic for the

inner body, how and to whom is this work dissenadat

| propose that by gaining aautsider’'s perspective, as opposed to thesider's view
expressed in this chapter, a clearer picture ofvillae of my own visualisation pathway
might be generated. For me, this means adoptingansof gaining insight into the views of
others, in order to challenge the visual integofythe practice and its legitimacy as a stand-
alone means of communicating the disease processlay audience. Gaining outsiders’

views on the integrity of the 3-D CGI producedhs subject of the next chapter.
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5. Integrity: Qualitative Study, Design and
Implementation

5.1. Introduction

The role of the 3-D CGl artist visualising radialcg data is unclear. This uncertainty posits
guestions that cannot be solely answered througictipe or the literature review.

Historically, we see a progression of the positivisw of the body, compounding the notion
of artist-as-illustrator of science. Medical imagjitechniques such as MRI and CT also
contribute to reductive notions of the body. Ddes 8-D CGI digital imagery produced by
the authorfit’ the historically based position of artist—as-ilfagor or could there be a new

role for the 3-D CGl artist?

The manipulation and augmentation of the MRI datath®e author results in a 3-D CGI
artefact that is no longer a scientific object. Tdm#ist's hand (through the medium of
computer animation software tools) hag the image from its scientific origins. In breaking
this link and introducing aesthetic variables sasHighting, texture and movement, questions
of image integrity are inevitably raised. The intErtion of the artist may enhance the visual
quality of the MRI, but becomes redundant in diagjitoimaging, due to the increase in
variables. However the artist provides narrativeekghbefore there was none. In doing so,
what does the artist bring or omit from the clihidata? This question of thiategrity’ of the

image is at the core of this chapter.

This chapter documents the design and implementatica qualitative study of individual
professional’s views on the author’'s work and apploto visualisation. This study, entitled

‘Integrity’, consisted of twenty-two individual semi-structliieterviews with professionals
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drawn from the fields of clinical imaging, scienaed the visual arts. The study was held in

‘Centrespace’ during a two-week period in October 2006.

The aim of this study was to gain a clearer insigtd the integrity of the 3-D CGl artefacts
from the professionals gathered. By interviewingsth individuals, the author hoped to gain
multiple views on whether an interpretative apploébat strivesnot to apply the'voice of

medicine) has value in the visualisation of disease.

This chapter concerns itself with the articulatiohthe design and implementation of the

study. Results and findings of the study can badda the following chapter.

5.2. Pilot - Recommendations

Prior to the full studya pilot was carried out in March 2006 to evalu&ie techniques and
guestions proposed for the full interviews withfpssionals. The pilot was used as a test-bed
for the interview format and as a prototype for thié study. The aim of the pilot study was
to explore and analyse participants’ professiomahions on a range of visualised imagery.
The images consisted of 3-D visualisations of MRtadproduced by the author, clinical
photography, MRI scans and illustrative drawingshef kidneys and accompanying vasci

anatomy $eeAppendix A 8.7.3). The intended outcome was to reitee whether exposin
Appendix A

.. . . . . . .. Appendix 8.7.1
participants to a range of visual imagery relatma@rterial disease was a beneficial metho Aggendix 872

Appendix 8.7.3
inquiry. (Further details of the pilot can be fouindAppendix A 8.7.1, 8.7.2 and 8.7.4.). Appendix 8.7.4

Pilot Observations and Recommendations

115 Centrespace — An experimental research facilityembsition/exhibition space situated in the
Visual Research Centre (VRC), University of Dundee
<http://www.vrc.dundee.ac.uk/centrespace/centreshaob [Accessed on 11/03/09].
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The analysis of this pilot data was based on fietes and textual analysis. As a result of
interpretation of the interview data, a serieslm$eyvations, limitations and recommendations

were compiled. These were as follows:

- The Number of Images— 12 images were displayed, including photograpéfierence
material, MRI, 3-D computer visualisations and"k®ntury anatomical drawings.
The wide assortment of material provided a rangdisfussion points but due to the
number of images and the nature of the displaydso#rproved difficult to manage
participants’ responses. As the images presente wiewed simultaneously,
participants would often jump between different ges and so for the purpose of the
transcripts, it was difficult to accurately trackhish images participants were
discussing. A more efficient strategy was decid@dn of guiding interviewees

through the images and material on an individualdaith the interviewer.

- Image Format — For the purposes of the pilot, images were pdiaie paper and then
mounted on foam board at approximately A3 sizesTprioved an unsatisfactory
method of display due to the limitations in sizel @amage quality. The 3-D computer
imagery contains detailed computer geometry andtaltiee size and print resolution
some information was difficult to view. The 3-D waised imagery was created on
screen-based technologies therefore the best wewmiodality is by digital means,
rather than by print. In the full study all maténeould be viewed through digital

projection.

- Image Types and Questioning— The variation in image types resulted in several
topics of discussion being raised amongst all gxg¢igpants at once and these often
diverse themes did not address the key questiomsitbienticity and the role of the

artist. This was partly due to the questions bedwggeneral, with participants only
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discussing emotional and intuitive responses toirttegery. Another issue was the
diversity of imagery presented to participantsyidg discussion beyond the remit of
the study; for example, the photographic images tapdGray’'s Anatomy’etching

distracted discussion away from the core issud®@fisualised MRI data. Therefore
it would be preferable to only present images dfiatagical scan data and

subsequent 3-D visualisations and animations.

- Verbal Introduction - Participants would often seek clarification prio making any
judgment on the imagery. The images were often gnaois and it was not always
clear what part of the anatomy was being shownaAssult, in the full study, it
would be advantageous for viewers to be given &odaoctory explanation to each
image set, allowing for a clearer and more efficienteraction when discussing

integrity and the artist’s role.

5.3.  The Study - Aims, Objectives & Outcomes

During the practice phase of the doctoral rese@xplored in Chapter 3) a series of 3-D CGI
artefacts were created in order to push the boieslasf how clinical data might be
visualised. Across each stage of dwolution of the practicand the resulting bandwidth of
works, the author attempted to strive for a moterpretative approach to the visualisation of

human anatomy and disease.

The primary aim of this study was to gain opinidnam ‘outsiders’ on each individual
artefact within the bandwidth. The purpose of gagnindividual professionals’ views on the
works was to identify whether the introduction nfieased levels of arts-based interpretation
of clinical data affects its integrity and value.the contextual review, it is clear that 3-D CGI

artists tend to stay tethered to thieice of medicinewith little progression into alternative
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interpretations of data. As the author introducesenambiguity and expresses more of his

personal reaction to the data using 3-D CGl, thisas the question of value and context.

Aims
- Gain the views and opinions from individual professls on a series of interpretative

3-D CGl visualisation of clinical MRI and CT datpréduced by the thesis author,
John McGhee).
- Explore whether the artist's interpretative applo&c visualisation of disease and

anatomy has integrity.

Objectives
- Invite twenty-two professionals, drawn from clifidemaging and the visual arts, to

comment on raw clinical MRI and CT data and subeat|@-D CGI images created.

- Use face-to-face semi-structured interviews andigijpant-observer techniques to
explore the notion of image integrity in MRI and &dan data and 3-D CGI.

- Use semi-structured interview techniques to engmuzarticipants to comment on a
series of questions relating to the role of thesaand the visual integrity of the 3-D

CGl artefacts.

Outcomes

- A series of recommendations that position the nie@f the artist's approach in the
field of visualisation.
- A series of comments that will provide insight intbe value of the author's

interpretative approach to visualisation.

The proposed outcome of the study was to gain areledea of the significance of the
author’s approach to visualising disease through@GGl. The author argues that the imagery

of disease should communicate more than just thsitiyist view of the body, striving to
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encompas&alternative ways of seeingThe transcript data generated provides insight into

the importance individuals place on thigegrity’ within their own professional field.

5.4. The Study - ‘Integrity’

The exploration and validation of the author’'s &jgmh to visualising disease was at the core
of this study. Due to the open-ended nature ofréisearch questions posed, a non-positivist
approach was adopted. The author applied what lriraxed Gub&® describe afNaturalistic
Inquiry’ (Lincoln and Guba, 1985), meaning the usé&ahlitative’ methods to gain insight

into participants’ views and opinions.

Applying a positivist approach toneasure’or numerically‘quantify’ participant’s opinions
and beliefsvould limit analysis, and ultimately contradict tplilosophy behind the 3-D CGl
work. Humans are ndthings’ and therefore, in the context of accessing thmdliefs’ and
‘opinions’, cannot be judged through quantitative means (Hslanet al,, 1993) (Silverman,
1993) (Denzin and Lincoln, 1998, Craig and Smy®02p.2002, Somekh and Lewin, 2005
p.131, Denzin and Lincoln, 2003). The visual worswcreated in an open-ended dialogue
between the MRI data and the artist; thereforeai$ @ecided that any discussion of the work

must reflect this discourse.

The characteristics dNaturalistic Inquiry’ are founded on two significant assumptions. The
first, that humans cannot be removed or separatech the physical world, with this
separation also applying to social and culturakatpof their environment. The second, that
behaviour cannot be interpreted by mean®lb$ervation’alone, meaningt is not possible

to observe the personal meanings and perspectmnagytide a person’s behaviours within a

given environment{Hillman, 2006 p.110)Lincoln and Guba state that humans have an

118 yyvonna S. Lincoln and Egon G. Guba — USA baseatlemics who established a paradigm of
enquiry that challenged the positivist approachdbyeloping a new framework of investigation titled
‘Naturalistic Inquiry’.
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internal interpretation of the world, based ontlegivironment, which results in every person

reacting differently to a certain set of circumstes

The single reality of a positivist approach woutxt reflect the multiple realities presented in
participants’ views;Naturalistic Inquiry’ specifies that realities are multiple (Lincoln and
Guba, 1985) and as such must be preserved in aalitagive study. Lincoln and Guba

(Lincoln and Guba, 1985) propose a set of chariatites that preserve these multiple realities
in the design, implementation and analysis of amglitative study. The text summarised in
Table 5-1 lists each characteristic specified bycbin and Guba (Hillman, 2006 p.110)., also

illustrating how each one of these characteristieze met and applied in the study

‘Integrity’.
Characteristic Application in ‘Integrity’ Qualitative Study
Natural setting The data will be collected in atn&space set up for best viewing

of the 3-D imagery. The Centrespace location offergnvironment
that shows the author’s work in the optimum confext
participants.

Human data collection The author will collect the data at the point deiview.
instrument

Utilisation of tacit Obtained from the author’s personal experiencéeftctinical
knowledge environment and personal tacit knowledge of imagatwon.
Qualitative methods Semi-structured interviews wesed to collect the data.
Purpose sampling Clinical participants were invibaded on their professional

experience of clinical or scientific imaging. Thiswal arts
professionals were selected on their standing withe field of art
and design research.

Inductive data analysisThe narrative data from the interviews was analysagstablish
themes and small sets of generalisations relatiriiget author’s role
in visualising clinical data. The intention is taig a picture of
relevant notions of visual integrity.

Emergent design The guestioning and interviewingawficipants was monitored and
the questioning adjusted by the authors.

Negotiated outcome All participants agreed parditgn through a written consent
process. Also, through the interview, conversagiomts were
clarified and answers agreed upon.

Idiographic The participants were interviewed and recordedrseglg to gain
Interpretation their views and opinions.

Tentative application | An interpretation of the dasing a qualitative data analysis
framework (Miles and Huberman, 1994) allows a bette
understanding of the author’s role in the visusilisaof MRI data.

Focus-determined The study only focuses on thes/avd opinions of professionals
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boundaries associated with clinical imaging andvikaal arts. The study only
explored notions of integrity and the role of thB 8omputer artist
in the field of visualisation and disease.

Special criteria for The recording of data; the application of quahtatiata analysis
assessment of framework: familiarisation, identifying a themafiramework,
trustworthiness indexing, charting and mapping. The findings arsiilts were also
compared to the literature in this field.

Table 5-1 - The table of characteristics for staégign based on Lincoln & Guba

5.5.  Alternative Approaches

A qualitative approach was selected to gain pradesss’ views and opinions on a series of
3-D CGI images through semi-structured intervie®sher means of design and analysis
were considered but a qualitative approach wasteeleas the most appropriate method of
design and implementation. The alternative to thib@’s qualitative approach was to apply
a guantitative method to gain insight into parteis’ reactions. The limitations of a
guantitative means of collecting data are basesewrral restrictive assumptions. Firstly, the
researcher should be neutral and free from any biais is achieved through application of
controlled conditions and the goal of eliminatig tresearcher’s..personal or political
opinions and prejudices..(Mcneill and Chapman, 2005 p.16) This pursuit‘abjective
control’ is based on a singuldruth’ , which does not recognise the individual realitiés

each participant.

The creation of the 3-D CGI works by the author basn driven by open-ended discussion
and dialogue between artist and subject mattehdmind of the author, this dialogue should
be exposed during the study and therefore the maifosuppressing the thoughts of the
researcher would be counterproductive. The methbdstauctured questionnaireand
structured interviewsnvould also fall into the positivist paradigm, litmig responses and
discussion, thus providing a false and unnaturéihge The goal of this study is to recognise

individual participants’ realities and use openeshdliscussion as a means of acquiring
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insight into the 3-D CGI worksNaturalistic Inquiry’ provides the means by which to gain

insight, but not exclude open-ended discussiontlaméuthor as garticipant observer.

5.6. Participants in Integrity Qualitative Study

The participant selection criteria for the full dyuwere based on the recruitment of a cross-
section of professional researchers from the fi@fdsisual arts and sciences. Among the
visual arts, ten specific individuals were targetathin the academic research community at
Duncan of Jordanstone College of Art & Design, Demdirawn from Design, Fine Art,
Theory and lllustration departments. The twelvesiific participants were drawn from the
Life Sciences, Clinical Radiology, Forensic Anatoaryd Surgical Oncology. Table 5-2 and

Table 5-3 highlight the professional spectrum reengéed:

Discipline table 1 Numbers
Life Sciences 1
Clinical Radiologists and Radiographers 8
Fine Art 5
Forensic Anatomy 1
Design 2
Pathology 1
Digital lllustration 1
Surgical Oncology 1
Contemporary Media Theory 2
Total 22

Table 5-2 - Discipline table 1, John McGhee 2006

Discipline table 2 Numbers
Science/Clinical based 12
Visual Arts based 10
Total 22

Table 5-3- Discipline table 2, science/art breakdpdahn McGhee 2006
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Participants were invited to take part in the stbgyetter(see Appendix A 8.8.3They were

also asked to read a study information sliee¢ Appendix A 8.8.4)nd sign a consent form

prior to the interview procegsee Appendix A 8.8.2). Appendix A
Appendix 8.8.2,
8.8.3&8.8.4
5.7.  Interview Methods

‘Participant-observer’

The interviews were conducted by the authoipasticipant-observer’ whereby Lincoln and
Guba define the researcher (insider) as the ingtntifor data collection and analysighe
‘participant-observer’ technique provides the research wittirect experiential and
observational access to the insiders’ world of megn(Jorgensen, 1989 p.15). This is
significant, as it means thiasiders’ tacit knowledge can be applied during the interviewl

data analysis.

Lincoln and Guba summarise the advantdges the ‘Human-as-instrument{Lincoln and

Guba, 1985 p.193) in seven key characteristics:

- Responsiveness ‘...human-instrument can sense and respond t@eisonal and
environmental cues that exist...’

- Adaptability — *...multipurpose human can collect information abmultiple factors -
multiple levels - simultaneously...’

- Holistic emphasis— ‘...the human instrument is the only one avéd#abtapable of
grasping all this buzzing confusion in one view...’

- Knowledge base expansion ‘...the human instrument is competent to function
simultaneously in the domains of propositional &t knowledge...’

17 The disadvantage or limitations ohuman-as-instrument’is illustrated in the concept of

‘trustworthiness’ or the credibility of the reselaec. ‘The data is only as good as the instrument
collecting...' LINCOLN, Y. S. & GUBA, E. G. (1985Naturalistic Inquiry Sage Publications. See

section 5.9
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- Processual immediacy ‘...the ability...to process data just as soon abetomes
available, to generate hypotheses on the spot...’

- Opportunities for clarification and summarization =..the human instrument has the
unique capability of summarizing data on the spod deeding it back to a
respondent...’

- Opportunity to explore atypical or idiosyncratic sponses —...the human instrument
can explore such responses not only to test tladigity but to achieve a higher level
of understanding than might otherwise be possible.’

The advantages of thieuman-as-instrumentpproach provide the author with a rationale for
participating in the interviews, as opposed to hgvithem performed by an external

candidate. By not participating in the intervietys®e author would not have the same level of

insight into the views of participants regarding thtegrity of the 3-D CGI works.

Semi-Structured Interviews

Semi-structured interviews were used in this staslya means of interviewing without rigid
wording (Wengraf, 2001). A semi-structured intewis a mode of interview in qualitative
research that differs frofanstructured’and‘non-standardisedinterviews. It‘...has a more
specific research agenda and is more focusedHdlloway, 1997 p.95). This form of
interviewing means the interviewer does not askstioes in the same way with every
participant and does not adhere to a strict indgvvétructure. The primary benefit of semi-
structured interviews is the unhindered expresdigrparticipants, of their own thoughts &
opinions. In this research dnterview guide’(see Appendix A 8.8.5) was used rather tha

Appendix A
‘interview schedule’which would be more appropriate for quantitativerk. Appendix 8.8.5

At each stage of the interview, the questioningreghon notions of image integrity and the
role of the artist in visualising data. A plannedgsence of discussion points was
implemented to assist in maintaining some structBesi-structured interviews provided the

opportunity for the professionals to respond inrtlevn ‘unique way of defining the world’
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(Lincoln and Guba, 1985, Hillman, 2006)he nature of the interviews also assumed that no
set sequence of questions was suitable for allorefgmts. This flexibility and emergent
guality of the semi-structured interviews also ahalimportant issues to be raised that would

not be possible with a more structured interview.

However, there are disadvantages to using senttated interviews as a method for
collecting data from participants. Denzin and Limcmake the point thatt'is not a neutral
tool, for at least two people create the realitytloé interview situation{Lincoln and Guba,
1985).Nevertheless, it provided a robust research totiiencontext of gaining unique insight

into professionals’ views and beliefs on a serie3-D CGl.

Face-to-Face Interviews

The use of face-to-face interviews provided a foolclearer data collection from individual
participants. As described by Denzin and Lincolrthe interview is a negotiated text, a site
where power, gender, race and class intersdbie interview is conversation, the art of
asking questions and listeningDenzin and Lincoln, 2003 p.48). Thisegotiated text’

provided the author with detailed data containiagtipipants’ thoughts, allowing for a more

efficient access to the professionals’ constructedities.

5.8. Location and Process

Centrespace, housed with the Visual Research CEARE) in Dundee, was selected as the
location for the interviews (See Fig.80). The spaes split into key interview stages. Stage 1
presented participants with the two digitally podgel images (4x3 meters) on large black
panels (Fig.81). These image sequences were stredVD and could be changed via
remote control. A microphone was installed in thgace to collect the sound while

participants viewed and discussed the works wighatlthor.
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Fig.80 - Floor plan ‘Centrespace’, John McGhee, 2006

Fig.81 - Image projection zone ‘Centrespace’ JohrGiiee, 2006

The stages were broken down as follows:

Stage 1 — Digital Imagery Projection
Stage 2 — Origins and influences tables
Stage 3 — Conversation and discussion
Stage 4 — Blackboard Mapping
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Fig.82 - Interview stage diagram, John McGhee, 2006

Each stage of the interview is highlighted in thestrated diagram in Fig.82. The twenty-two
face-to-face interview sessions were performed avdwo-week period. Each interview
session was scheduled to take approximately one. Hdawever, almost all of the

Appendix A

participants exceeded the target timescale (Seatidorin Appendix A 8.8.1). Table 5-4 Appendix8.8.1

overleaf summarises each stage of the interview:
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Stage

Title

Description

Stage 1

Digital
Imagery
Projections

The first stage of the interview involved bringiting
participant to the microphone, and initiating dage
through questioning and conversation. The voicendings
were stored on an MP'$ solid-state recorder for later
analysis.

Questions:

- Describe in your own words these images and what
insight they offer you into the human body.

- Do you feel the interpretative images have lessare
integrity due to their abstract nature?

- As a clinician or artist do you think the authas
enhanced or diluted the original 2-D data and ifrsewhat
way?

Lead Question
- How would you describe the visual qualities af th
images?

These questions were asked during every imagéeetrs

Stage 2

Origins and
Influences
Table

The second stage was to introduce the particietfiet
inspiration and origins of the aesthetic interpiegaworks.
This was accompanied by a verbal explanation of the
material on display. The table consisted of skeioks,
medical books and other visually influential medéri
Participants were not questioned at this point.

Stage 3

Conversation
and
Discussion

The third stage was based on further interviews.
Participants were asked three questions relatdtetoole of
the artist in clinical visualisation.

Questions:

- Do these images affect the way you think aboutr yo
body?

- What would you define as visual integrity in yawn
practice? In this context?

- What role do you feel an artist should play wkenking
with medical scan data? Translator? Mediator?thiier?

Stage 4

Blackboard
Mapping

The final stage invited participants to use chalkitaw and
map their own perception of visual interpretatiémmedical
data. Participants were encouraged to use gragihisstand
maps to describe where the radiological and creativ
processes meet.

Table 5-4 — Interview process, John McGhee, 2006

118 MP3 — Audio computer file format used to captire interviews during the visual experiment.
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5.9. Image Selection and Viewing

‘Centrespaceat the University of Dundee'¥isual Research CentrgdVRC) was used as an
experimental area to interview participants ands@né the digital imagery. The primary
driver for selecting this venue was asnatural setting’ for large-scale digital projection
across the two-week time period. The work had b=mrteived digitally and it was critical

that participants judge the imagery through a digitedium.

Image set 1
Images were selected in sets, with MRI imagery dpeisplayed on one projection screen and

the 3-D reconstruction being simultaneously dispthgn the other. The intention was to give
participants an opportunity to voice their thoughtsl opinions comparatively. The 3-D CGl
images in Fig.84 and Fig.85 illustrate a snapslidtinage set 1 with the vertebral arteries
displayed alongside the MRI data (Fig.83) from whicwas derived. It should be noted that

these are both moving sequences and can be viemfgrgpendix B DVD, Chapter 4.

Appendix B
DVD
(Video Clip)
Chapter 5
Section
a) Imaae Set

Fig.83 — Image set 1 - MRI image sequence of thetwal arteries, John McGhee, 2006



Fig.84 - Image set 1 — 3-D image sequence of thtebmal arteries, John McGhee, 2006

Fig.85 - Image set 1, Static 3-D images of theelwdl arteries, John McGhee, 2006
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Appendix B
DVD
(Video Clip)
Chapter 5
Section
a) Imacge Set

Appendix B
DVD
(Video Clip)
Chapter 5
Section
a) Imaade Set
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The 3-D CGI artefacts selected for displaylinage set 1'was derived from one particular
MRI scan showing a healthy set of arteries feeéliogn the heart to the brain. The reason for
selecting this image set was to gain insight ifi® nature, form and ambiguity present in
each image. The introduction of colour and lightaiso increases in each of the images, the
intention being to introduce feelings of fragilignd awe as the viewer navigates the

complexity of this tortuous arterial structure.

Image set 2

These images contain no animation, and were sdleste means of exploring an alternative
aesthetic to the human kidney. This image set fxum the visualisation of MRI data
showing the arterial condition known @hal artery stenosisCompared to the raw MRI data
(Fig.86) the two 3-D reconstructions (Fig.87 & Big), provided a different visual quality
and experience for the viewer. Through the intevgiethe intention was to extract this

alternative experience.

Appendix B
DVD
(Image)
Chapter 5
Section
b) Imaae Set

Fig.86 — MRI renal angiogram of the human kidnehrd McGhee, 2006



Fig.87, ‘Medulld, John McGhee, 2006

Fig.88, ‘Cortex, John McGhee, 2006

173

Appendix B
DVD
(Image)
Chapter 5
Section
b) Imaae Set

Appendix B
DVD
(Image)
Chapter 5
Section
b) Imaae Set
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Image set 3
This image set differs from the rest of the imagasyit is reconstructed from CT data

(Fig.89), rather than MRI. The 3-D visualisatiorfSig(90) show a condition known as
Abdominal Aorta Aneurysm (AAA) that often occurspatients with cardio-vascular disease.
This set of images was selected as it displayedetisd amount of intervention on the part of
the artist when visualising clinical data. Theren@ high quality render or augmentation by

the author; it israw’ 3-D data with basic colour differentiation.

Appendix B
DVD
(Video)
Chapter 5
Section
¢) Imaae Set

Fig.89 — CT Image sequence of the aorta and AAAe@eaHouston, 2006

Appendix B
DVD
(Image)
Chapter 5
Section
c) Image Set

Fig.90 — Static 3-D imagery of the aorta and AA&hd McGhee, 2006
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Image set 4
This image set is based on movement and augmentatithe clinical data. The black and

white MRI scans show a healthy heartbeat in crestemn (Fig.92). The 3-D animation
(Fig.91) runs alongside the MRI sequence and iwegfrom both MRI and the artist’'s own
visual interpretation (e.g. the movement of redotlaells is purely interpretive), posing an

interesting question to participants when compatiiregmerit of each image.

Appendix B
DVD
(Video)
Chapter 5
Section
d) Imace Set

Fig.91 — ‘Flow T animated blood flow sequence, John McGhee, 2006
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Appendix B
DVD
(Video)
Chapter 5
Section
d) Imace Set

Fig.92 - MRI film sequence of a pumping heart, JbtaGhee, 2006

Image Set 5
In image set 5 the 3-D imagery (Fig.93 & Fig.94)hisavily augmented by the author,

generating a particular aesthetic that provideslsrnative vision of the inner body. The
imagery contains very little didactic content anstéad describes more of the poetic nature of

the internal body space.



Fig.93- ‘Inside flow, John McGhee, 2006

Fig.94 - ‘Stenosis John McGhee, 2006
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Appendix B
DVD
(Image)
Chapter 5
Section
e) Imaae Set

Appendix B
DVD
(Image)
Chapter 5
Section
e) Imaae Set
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Appendix B
DVD
(Image)
Chapter 5
Section
e) Imaae Set

Fig.95 - MRI data of the aorta, Dr Graeme Houst2@06

The image in Fig.95 also displayed at this timeswaa example of a clinical MRI cross-

section of the same piece of the aorta.

5.10. Trustworthiness

When adoptingNaturalistic Inquiry’ there are two significant issues that must be clemsd
when collecting and analysing the transcript datee first is‘trustworthiness’(Lincoln and
Guba, 1985 p.289) a4he data will only be as good as the instrumeptlacting and
analysing it". Transparency and academic honesty are critidgd. Second consideration is

that of the'credibility and experiencetf the researcher performing the interviews. Tdwi$
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here is on the past, on what the researcher btingbe study through his or her own

professional experience.

Taking these two considerations into account, Limcand Guba identify a total of four
criteria that a researcher must consider when admigtrustworthiness’and‘credibility and
experience’ These aréTruth Value’, ‘Applicability’, ‘Consistencyand ‘Neutrality’. Each of

these terms is explored, below.

Truth Value

‘Naturalistic Inquiry’ assumes that humans have multiple realities. Hewegloes the

researcher represent these realities accurateipeolb and Guba, 1985). As the author is
reconstructing participants’ views on integrity,whare the findings and interpretations
validated? This checking of the credibility andstimorthiness of the author was implemented

in the study by the following means:

Lincoln & Guba suggest that the application ‘pfolonged engagementincreases the
likelihood of a high level of legitimacy. The duiat of the author’s period of engagement
within the subject area was three years prior éocttmmencement of the qualitative sttidly
The extended period of engagement involved exposusgaff at all levels within clinical

imaging at Ninewells Hospital, Dundee (see Chapi2).

Lincoln and Guba also take the credibility of tesa@archer into account. The researcher has
published work in the field of clinical data visisa@tion and the role of the artist both
nationally and internationally (Flack and McGhe&02, McGhee and Andrews, 2005,

McGheeet al.,2007). The author also has experience of creatimgdeveloping 3-D CGl in

119 The author completed an MSc in 2003 prior to comuirgy the PhD in 2004. Both these post-
graduate study pathways have researched the &sB @Gl in clinical imaging.
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industry, providing insight into the field and aadk record of producing 3-D CGI in

biomedical animation.

Applicability

In ‘Naturalistic Inquiry’, the concept ofgeneralisation’is considered incompatible with the
gualitative study. Lincoln and Guba put forward tagument oftransferability’ of the
research to other groups. Lincoln and Guba arga¢ direct transferability cannot be
achieved unless the researcher has provided suffidetail of the study. This is based on the
principle of transparency. This doctoral thesisvites a comprehensive and transparent
description of the data generated, the method alfyais, the context of the interview and the
participants’ characteristics to enable ttransferability’ of this approach and the study’s

findings to other groups for future research.

Consistency

In this study, the author and the participants thee instruments of the inquiry. As these
instruments have multiple variables, the sourceeaxfh variable is articulated to maintain
consistency. The author’s intention is not to efiate these variables but to recognise and
achieve consistency in analysis. The audio dat&rgéed in the study was transcribed and
then analysed using a consistent 5-step qualitbtareaework (Huberman and Miles, 2002).
This framework was repeated across every transcefowing for consistency. The
transcripts were analysed for the statements #fatanced the 3-D CGI visualisations in a

positive or negative light, and for notions of intigy.

Neutrality

When neutrality is referenced in the contextNdituralistic Inquiry’ it relates to the absence
of bias in the reporting of the findings. LincolncaGuba describe transferring the importance
from the‘researcher’to the neutrality of thédata’ generated in the study. Neutrality of data

was achieved through the following:
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- Gathering of data - The style of questioning during the study wasiglged to gather
data without bias. Participants were asked to comiroe a wide range of imagery
from the perspective of integrity. The data wademdéd on an mp3 recorder and then
processed professionally by an independent trgytimmiservice.

- Interpretation of data — See data analysis Section 5.11

Summary Table — Lincoln and Guba’s model

The points covered in this section on the iderdtfan of trustworthiness can be summarised

in the table below:

Criteria Strategies used in ‘Integrity’ by the author

Truth Value Immersion - prolonged period of engageticonfirming credibility of
the author.

Applicability A comprehensive and transparent description ofl¢te collection and

(Transferability) | it's interpretation to facilitate replication.

Consistency A transparent and detailed breakdowheo¥ariables involved in the
data collection and interpretation.

Neutrality Data gathering method focused on thevsief participants, objective
interpretation and transparency of findings.

Table 5-5 — Lincoln & Guba - Trustworthiness sumntabje.

5.11. Data analysis

Qualitative Research

In the field of qualitative research there are salv&Strategies of Inquiry’(Denzin and
Lincoln, 2003) or as Tesch calls thervarieties’ (Tesch, 1990). Tesch summarises

qualitative research (in sociology) into four categs: Anthropology, Linguistics,
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Phenomenology and Case Study. Under the branchesfdPenology in qualitative research
we see discourse analysis as a means of providiemht into forms and mechanisms of
human communication and verbal interactigh'anDijk, 1985 p.4). Thioffers a tool with

which to analyse individual responses and intevastafter interviews.

Textual Analysis

The analysis of the interview transcripts was earout through a process of textual analysis,
using the qualitative framework set out by Milesl &fuberman (Miles and Huberman, 1994).
Miles and Huberman articulate how the use of qai@# methods offers the researcher a
deeper understanding of responses given. The pumiothe author’'s study was to explore
participant‘stories’ (responsesin an open ended fashion; the challenge for thaa in

doing so was to find meaning in the text-basedstrapts. Miles and Huberman provide a

common framework (Miles and Huberman, 1994 p.9):

- Affixing codesto a set of field notes drawn from observationsitarviews.

- Noting reflections or other remarks in the margins.

- Sorting and sifting through these materials to identify similar phsaselationships
between variables, patterns, themes, distinct rdiffees between subgroups, and
common sequences.

- Isolating these patterns and processesommonalities and differences, and taking
them out to the field in the next wave of dataextion.

- Gradually elaborating @mall set of generalisationsthat cover the consistencies
discerned in the database.

- Confronting those generalisationswith a formalised body of knowledge in the form

of constructs or theories.
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Miles and Huberman’s common featuresofalitative data analysis{(above) is extrapolated
by Popeet al.’'s paper‘Analysing qualitative data’(Popeet al., 2000) into a five stage
approach, providing a practical tool with whichdpalyse and interpret the data from the

study, whilst preserving Lincoln and Gub&aWaturalistic Inquiry’.

Stage Description

(1) Familiarisation | ‘“...immersion in the raw data (or typically a pragrcatelection from
the data) by listening to tapes, reading trans@jtudying notes an
so on, in order to list key ideas and recurreninies.’

o

(2) Identifying a ‘...identifying all the key issues, concepts, andnie by which th
data can be examined and referenced. This is chwig by drawing
thematic framework | on a priori issues and questions derived from timesaand objective
of the study as well as issues raised by the relpus themselve
and views or experiences that recur in the datee €hd product o
this stage is a detailed index of the data, whibels the data intc
manageable chunks for subsequent retrieval anceadbdn.’

UJ 11%

S

(3) Indexing ‘...applying the thematic framework or index systécadly to all the
data in textual form by annotating the transcriptéth numerical
codes from the index, usually supported by shott descriptors to
elaborate the index heading. Single passages df ¢ar often
encompass a large number of different themes, efegbhich has ta
be recorded, usually in the margin of the transcrip

(4) Charting ‘...rearranging the data according to the approprigiart of the
thematic framework to which they relate, and fogmicharts. For
example, there is likely to be a chart for each kapject area ol
theme with entries for several respondents. Unsikeple cut and
paste methods that group verbatim text, the cheotstain distilled
summaries of views and experiences. Thus the nhgarirocess
involves a considerable amount of abstraction amtlesis.’

(5) Mapping and ‘...using the charts to define concepts, map the easigd nature of
phenomena, create typologies and find associatimta/een themes
interpretation with a view to providing explanations for the fings. The process of

mapping and interpretation is influenced by thegoval research
objectives as well as by the themes that have exddrgm the data
themselves...’

Table 5-6 - Miles & Huberman - Five Stage framewapkroach as described in the Pope paper.(Pope.get al
2000)

The table below (Table 5-7) illustrates how theadamhalysis was conducted by the author,

using this five-stage framework:
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Framework Point Data Analysis in ‘Integrity’

1. | Familiarisation - Anonymise each participanhseript with an identifier code
- Listen to the audio files as MP3s

- Transfer of the audio files to transcripts

- List key themes on initial inspection of tranptsi

2 | ldentifying a Split the data up into a matrix of responses tt epestion
thematic framework | posed
3 | Indexing Colour code text in the transcriptsitavith identified themes:

- Yellow — Unclear, negative response
- Green — Readable, positive response
- Pink — References to the 3-D content
- Orange — References to notion of Integrity

4 | Charting Sorting the themed data in referena@atth question;
building a matrix of themed responses
5 | Mapping and Interpreting themes through visual and textual nrapp
interpretation

Table 5-7 - Framework for data analysis, John McGhee7

5.12. Analysis of Transcripts

In order to expose the framework described in Tabletransparency’of method has been
selected to demonstrate how the author has anatiisedata. As a result, each stage in the
framework is reported in some detail. This fits lwitincoln and Guba’s concept of

‘trustworthiness'whereby data analysis is transparent and trarsdéera

Stage 1 — Familiarisation

The familiarisation process involved assigning amoous codes to each participant to retain

the professional’'s discipline, e.gScientist ‘Designer; ‘Fine Artist. The reason for

preserving this within the data was to allow theeagcher to differentiate between artists

clinicians, allowing for further analysis of theffdrences between professional fiel@See

CD-ROM Transcript Data).After coding (see Appendix A, 8.8.8), the next stagf Appendix A
Appendix 8.8.7 &

familiarisation was the playback of the audio amel teading of the transcripts. While read 888

the transcripts, a list dhotes’ was generated from each individual transcript. &ample
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the notes taken by the author during the familids of ‘Scientist AS' transcript can be

viewed in Appendid, 8.8.7.

Stage 2 - Identifying a thematic framework

The data was then split into a matrix. This them&@mework was based on responses to
specific image sets. In Table 5-8 below, we seanapte of the matrix for stage 1, Image set

la (vessel):

Image Set la (vessel) MRI 1la

SA ‘The MRI scan | think you need to be a trained oémfjist to really interpret if
because it is extremely difficult to work out thentinuity between th
structures between the individual slices and irt the more you look at it the
more frightening that MRI scan, especially at thegibning of it looks likg
something out of ‘Donnie Darko’ it could potentialto an untrained eye, h
quite worrying actually, this thing has been slgitnrough your body and alg
you do have reference, you do have a referencekyow where the head
you know where the neck is, so you can sort oftisae by the time thg
sequence finished’

11%

mo o

SA ‘The MRI image is very complex, it is very, faitht, obviously there’s regions
of high contrast but there is a lot of low contragtey area where you are npt
quite sure what that is or what that representysah it lacks a certain, it has
a certain fear associated with the image’

PA ‘| find the 3D MRI based data reasonably clear be basis that I've workef
with 3D a bit before anyway and | think the additiof the anatomy that
surround the vasculature that assists you identlfgre you are, the contrast|is
pretty good but then you are only seeing small bitsessel information per
slice so obviously that is a disadvantage, my firstight would be the contragt
is quite good but the anatomy that surrounds thecwkature is quite helpfyl
actually from my point of view. The 3D looks vigugery impressive but I'm
not really an anatomist and | wouldn’t, unless Isav® compare it with a
diagram or a textbook, wouldn’t obviously know whewas | don’t think but
think if you had an area of disease and there wa®slavious kink in a vessgl
that would be quite informative relative to the &a, probably more.’

PB ‘They just, that sort of greyscale light and darkdarom an MR physics point
of view you can spot the artefacts from the bldod fand things like that
going up the neck and there is a little bit of retwf Venus flow in there g
well, never mind that, um, the 3D representationserms of quality they are
very good and sometimes there are bit that kindai a bit too angular and |
don’t know if that is due to the fact that the M&adthat you have taken (it
from obviously had a finer resolution you sort ef tittle bits where everything
is going to be a bit pixelated and obviously yono cderpret to a certain extent
but the colour and lighting is very good and yoa déferent elements of it.’

(7]

Table 5-8 - Matrix of response sample taken framage Set 1a’ 2006
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Stage 3 — Indexing

The indexing process involved coding and annotatigtranscript document. These notes
are not‘field notes’ but a method of recording key words and statemegltted to the

guestions posed.

Fig.96 — A sample matrix of responses to Imagdaeiohn McGhee, 2006
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A colour coding system is applied that highlighaarfareas of interest:

Green - Readable positive response (to clinicabang MRI)

Pink - Reference to the 3-D content

Orange - Reference to image integrity.

The purpose of this process was to reduce theidataler to aid the extraction of meaning.
At the same time however, it was important for thehor not to lose the wholeness of
individual participant views. In order to fit witthe philosophy ofNaturalistic Inquiry’ the

multiple realities must be preserved in data redactmeaning that individual responses

should not be analysed in isolation from the fidhscript.

Stage 4 — Charting

The charting process was carried out using a mafrkey themes based on each image s~*
providing the author with an opportunity to redtice data even further. In the sample seen

Appendix A 8.8.10 the data has been dissected tr@atx and then chart the key theme: romendix A
ppendix

L . . . . . Appendix 8.8.10
Within this matrix of themes, we can also discér@ author’s notes and interpretations. TF

sample in Appendix A 8.8.1@emonstrates how transcript data can be compil@dsteh the

emerging themes (the author’s notes are also gignifhere).

Stage 5 - Mapping and Interpretation

The results of the mapping and interpretation staige explored in Chapter @ategrity:

Qualitative Study, Results & Findings.
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5.13. Summary

The aim of the author’s qualitative study was tmngaultiple perspectives from individual
professionals on a series of MRI and 3-D CGIl imadds integrity of the interpretative
works was unclear; historically we see artistsemgt to illustrating the positivist view of the
body; however, what are the implications if theshdeparts from this relationship? The work
of the author challenges the established protobgl€ombining MRI data with personal
interpretation. In doing so, and breaking with thgging’ of science, the work provides an

alternative aesthetic. However, does the imagehstile integrity?

Based on these questions, twenty-two participanesewinterviewed by the author in
‘Centrespace’ VRC, Dundee. Interviews were based ghstage process with individuals
viewing digitally projected 3-D CGI images of vatudata. The overall study adopted the
‘Naturalistic Inquiry’ (Lincoln and Guba, 198%s a method of designing and analysing data
from the interviews. The interviews weéparticipant-observerbased, whereby the author is

the'instrument of inquiry’and undertakes the data analysis.

This approach was dependant on the notioftro$tworthiness’.In this chapter, the author
has articulated howitruth-value’, ‘applicability’, ‘consistency’and ‘neutrality’ were met.
The analysis of the data generated in the intewievas approached using Miles and
Huberman’s five steps to data analysis. This inedltfamiliarisation’, ‘identifying of a
thematic framework’, ‘indexing’, ‘chartingand ‘mapping of the transcriptsThe reason for
selecting this framework was to preserve each iddal’s version of reality, whilst also
extracting meaning from the transcripts throughadaduction. In the following chapter the

results and findings are fully articulated.
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6. Integrity: Qualitative Study, Results & Findings

6.1. Introduction

Chapter 6 systematically reports on the resultthefinterviews held with professionals in
‘Centrespace’ in October 2006. In this section, dlaéhor will reflect on each stage of the
study and questioning. The study applies Miles ldaderman'’s five-stage framework (Miles
and Huberman, 1994) with the focus being on stahe& 5 ‘charting’, ‘mapping’ and

‘clustering™?®

of data The objective is to extract meaning from the traipsctext,
establishing common themes among the professiomgdsiions and views in order to
determine what effect the intervention of the auttas on the integrity of the final 3-D CGI

artefact.

Based on this analysis framework, a series of dson points and findings has been
rationalised. This chapter will chronologically exu on these points relating them directly
to the author’s visual practice. The goal of thést®n is to provide a detailed breakdown of

all the transcript data, pinpointing the valueled uthor’s approach to visualising disease.

The concluding part of this chapter is a seriesoofiments and recommendations that provide
some insight into the author’s approach to 3-D @&uialisation of MRI data. These findings
fall into four categories: context and purposenichl views on image integrity, the artist's
role in flux and visual storytelling. These themepresent clusters of responses from the
professionals interviewed and suggest no cleaegsiver to the question posed in relation to

the value of the author’s approach.

120 \Miles and Huberman identifyactics’ for ‘making good sensesf qualitative data, one they term as
‘clustering’ MILES, M. B. & HUBERMAN, A. M. (1994 u@litative data analysis: an expanded source
book, Sage..



190

The transcript data suggests that all of the 3-0 @®&facts belonging to what the author
terms the'bandwidth of interpretationhave value, but in differing contexts. They argoal

dependant on the professional’s paradigm of enguihgether that is the arts or the sciences.
The implications of these outcomes are discuss#uisrsection and the author concludes that
further studies are required to truly validate shehor’'s chosen approach to 3-D computer

visualisation.

The limitations, scope and parameter of the studyatso acknowledged. These parameters
include the restricted number of interviewees, fdws on one disease area, and the limited

experience of the author in interviewing profesaisrunder research conditions.

6.2. ‘Image Set 1’ — ‘Vertebral Arteries’

Stage 1 of the study exposed the participants agé¥sets to gain their views and opinions on
image integrity. In each of these image-sets, i@sef emerging themes were extracted from
the transcript data. These themes are broken dowinadiculated for each individual set.
After analysis of the transcripts based ‘bnage Set 1’ five key points emerged from the

data. These key areas were:

- Integrity Comparison — Purpose and Context

- Notions of integrity in MRI imagery

- Visual Qualities — Analogies

- Visual Qualities — Ambiguity, Clarity and Fragility

- Context, Purpose and Drift — bandwidth of context

These are systematically discussed below.
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Integrity Comparison — Purpose and Context

The first and most significant theme identified'limage Set 1'was that ofcontext’. Many
participants found it hard to draw a comparisowien the medical imagery (MRI) and the
3-D CGI hybrid works presented. Some participardt ft was an unfair comparison,
suggesting both sequences offered differing tygfesntbedded authenticity and integrity.
Some even thought it irrelevant to make a compariab all. Listed are four similar

comments:

‘Well it is like saying...does an ordinance surveypnhack integrity because it is not an
actual piece of physical earth...’
(Designer A) [CD-ROM Transcript Data, Section 2&ge 251, Line 18]

‘Well it is not fair to make a comparison...’
(Radiographer B) [CD-ROM Transcript Data, Sectiaid,2Page 228, Line 39]

‘| think they both contain authenticity...’
(Fine Artist C) [CD-ROM Transcript Data, SectiorlZ, Page 406, Line 17]

‘| think what is really critical is the job, whatiés fit, what is the ultimate kind of aim...’
(Designer A) [CD-ROM Transcript Data, Section 2.Page 416, Line 17]

These responses from early on in the interviewsvahe feedback suggestguurpose and
context’ were critical to determine the images’ authentiaily integrity. The 3-D CGI
reconstruction of the vertebral arteries had céhrantages in the context of communication
over the 2-D MRI scan - for communicating functibagpects of the anatomy. However, in a
clinical context, the 3-D visual imagery (produdeg the author) would have no value in
diagnosis due to the subjective nature of thetertisterpretation presented. Similarly, the

MRI scan has no value to the untrained eye dukaapecialist nature of MRI imaging.

Notions of integrity in MRI imagery
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An issue raised by several of the clinicians wasdbtual level of interpretation present in
diagnostic MRI scanning. This issue was not a pthiatauthor had considered but it has a

bearing on the visual practice as it questionedtthtn’ present in clinical imaging.

MRI imagery is the primary source of informatiorr feeporting’ on by a radiologist and is
seen as a raw or actual depiction. However, froerédsponses, it seems such images are
quite distant from any kind of photographic reafityMRI actually presents the viewer with a
representation of the body that highlights the fiomal aspect of the anatomy based on
proton density and can omit other relative strieguypresent in the body such as bones and
muscle tissue. The level of integrity present i fiRI data is highlighted in the two medical

physicists’ responses:

‘...I mean every image is an interpretation of thgeobyou are scanning so it is a case of
MR images just looking at the proton density ifedént areas of the body and that is all
controlled by your contrast your resolution andtkat is just a representation of the person’s
body...’

(Physicist B) [CD-ROM Transcript Data, Section P&ge 150, Line 29]

‘...MR data actually that is in some respects subjedbecause the imaging parameters that
you use to generate that base data will influeteeactual appearance of the base data quite
significantly...’

(Physicist A) [CD-ROM Transcript Data, Section Page 130, Line 23]

In this sense, MRI is but anotheepresentation'of the human body, as highlighted in the

physicist’'s responses, above. Two other clinicatigpants also made comments on the

MRI's lack of purity and its interpretative nature:

‘...is that MRI image real, no of course it isn'istthe edited highlights if you like of a whole
load of information on an atomic perturbation sundmgy in a way to the people who
developed the MRI software...’

(Oncologist A) [CD-ROM Transcript Data, Section2.Page 487, Line 11]

121 The MRI scanner measures proton density, whichein tconverts into a digital output through the
computer’s algorithm. The parameters of the algariend corresponding scan protocol are adjusted by
a radiographic operator.
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‘...there is no such thing as a pure MR image it¥ésaal manifestation of the MR physics...’

(Radiologist B) [CD-ROM Transcript Data, Sectiod @, Page 390, Line 28]

While clinical imagery offers a reproducible motieldeliver diagnostic pictures, the imagery
is still just a representation of the human bodye MRI scans convert the MR physics data
into a visual representation of scientific realitpt photorealistic reality. In a similar fashion,

the 3-D CGl is not reality but a visual readingtbé MRI data combined with the artist’s

visual interpretation.

Visual Qualities - Analogies

Participants were asked to comment on the visualitags of the images. It became clear that
many interviewees used analogies to describe thealgualities of both MRI and 3-D CGl.

The following table provides a few examples:

3-D CGl of the Vertebral Artery 2D MRI Scan imagery

‘...very graphic quite nice actually,...look at it the more frightening that MRI
beautiful...” ‘...could be art because of thecan, especially at the beginning of it logks
level of ambiguity in the image so it'dike something out of Donnie Darko...’
definitely a nice aesthetic...’ (Scientist A) [CD-ROM Transcript Data
(Fine Artist A) [CD-ROM Transcript Data, Section 2.1, Page 111, Line 9]

Section 2.4, Page 164, Line 34]

=

‘...the visual qualities of what you hayé..it almost reminds me of something from
produced are actually sculptural, vefythe 1960's Dr Who series...’
accessible...it has a kind of beauty to it in @esigner A) [CD-ROM Transcript Data
sense and it is readable’ Section 2.8, Page 251, Line 27]
(Designer A) [CD-ROM Transcript Data
Section 2.8, Page 251, Line 10]

‘...the 3-D image is more pleasing to the..light shows, psychedelic light shows in the
eye...it is organic it is something that you ¢a60’s and this reminds me very much of that

relate to as being part of’ watching liquids and light and it is just
(Scientist A) [CD-ROM Transcript Data,interesting’
Section 2.1, Page 111, Line 30] (Sculptor A) [CD-ROM Transcript Data,

Section 2.10, Page 284, Line 33

Table 6-1 — Image Set 1, Visual Qualities, John Ke$2008
Table 6-1 demonstrates a marked difference inigaftom some participants when the MRI

and 3-D CGI were compared, with the 3-D CGI offgraamore visually engaging image in
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comparison to the MRI, which in turn generated ssivenusual analogies such as Dr Who

Donnie Darkd?® and 1960’s light shows.

Visual Qualities — Ambiguity, Clarity and Fragility

The 3-D CGI work entitledTortuosity’, offered participants a degree of ambiguity, ajpgy
‘depth of field’and digital lighting techniques to highlight forifhis drew the viewer’'s eye
towards the structure and increased an increased &¢ interpretation. This stimulated a

variety of responses related to notions of ambygauitd clarity.

‘...you are losing data out of the blurred stuff...’
(Physicist B) [CD-ROM Transcript Data, Section P&age 151, Line 30]

‘...in terms of what it seems to tell you about thenan body | would say it is a bit of a
dilution...’

(Scientist B) [CD-ROM Transcript Data, Section 2.P&ge 425, Line 14]

‘...part of it is fuzzy | find it more difficult teead than the previous one, in terms of what it
represents, but visually it is interesting and iigiting.’

(Designer A) [CD-ROM Transcript Data, Section 22&ge 253, Line 4]

Even though participants found it difficult to clgasee the anatomical attributes, there were
more aesthetic issues discussed. Individuals discuthe tortuous structures of the vessel,

touching on concepts of beauty, fragility and sne. As the following excerpts from the

transcripts show, many of the arts-based partitgygicked up on these attributes:

‘...l find really intriguing a jewel like quality alhd them which is very very interesting as it
takes away the blood and guts and gore...’
(Fine Artist B) [CD-ROM Transcript Data, SectiorlZ, Page 354, Line 8]

‘...moistness it doesn't look as if it is a dead pigthas a sense of being alive...’
(Designer C) [CD-ROM Transcript Data, Section 2.Page 440, Line 24]

122 br Who- A long running Sci-Fi BBC Television series tellitig story of a time travelling fictional
character.

122 Donnie Darko(2001)- A US made science fiction feature film ehiells the story of a teenage boy
who experiences a variety of future premonitions.
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‘...because of the curves and because of the lackyminetry it conveys a much more
biological impression...’
(Oncologist A) [CD-ROM Transcript Data, Section 2.Page 488, Line 4]

‘...I'm thinking D’Arcy Thompson and growth and forggu know, the same forms keep

cropping up and the curves have similar radius’ &éinere are mathematical explanations...’
(Oncologist A) [CD-ROM Transcript Data, Section 2.Page 488, Line 7]

Oncologist A, who has direct experience of holdimgartery, argues that this visual style is
not a real representation of the reality of arterie
‘(It is)...rubbery and grisly and not particularlydgile at all if you had showed me the same

using veins then | probably would have claimedressef fragility...’
(Oncologist A) [CD-ROM Transcript Data, Section2.Page 488, Line 33]

Context, Purpose and Drift — bandwidth of context

The notion of context and purpose was raised isrs¢of the responses to this imagery:

‘| still think context or spectra of context areportant ..ultimate goal is to get people to look
after their kind of cardiovascular system and tedan understanding of what is inside ...’
(Designer C) [CD-ROM Transcript data, Section 2.Rage 440, Line 40]

‘I mean human psychology needs to have some metaphmechanism to get a hold of, that
is quite a large complex and technical scenario again | think with the level of
interpretation if you get that right then the intitg is still there if the goal is kind of quite
explicit and it is about helping people understavitht is happening’

(Designer C) [CD-ROM Transcript data, Section 2.Rage 440, Line 39]

Sculptor A made an important point in relation be drift and movement of imagery from
one domain of practice to another:

‘...a kind of close up segmental quality in diffeemf focus does start to drift to artistic
aesthetic kind of resonance as opposed to whatnyight call a more graphic illustrative
medical reference...’

(Sculptor A) [CD-ROM Transcript Data, Section 2.B&ge 286, Line 4]

It appears from the comments made by Designer CSantptor A that there is‘apectra’in

which to place the 3-D CGI artefact. The incredsed| of interpretation by the author causes

the artefact tédrift’ within these spectra, towards alternative aesthetic.
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This notion of théspectra’ is of particular significance to the author’s visapproach. The
images in set 1 have different types of integrfty, alternative contexts, whether that is
diagnostic or communicating to a lay viewer. Whatpivotal is where those 3-D CGI
artefacts are placed, and for what purpose theynéeeded - which will ultimately dictate
their integrity. This rationale implies that foretlauthor to gauge the value of his practice he

must define his intended purpose and in what comexvill place the 3-D CGl artefact.

Summary — ‘Image set 1’

The responses to the first set of images focuseshtain on the theme dtontext and
purpose, an issue that cascaded its way through discusdimoughout the entire study.
Participants both from the medical and arts dige#sl found it difficult to compare the
integrity of MRI verses 3-D CGl interpretative ingag. Although the 3-D CGI enhances the
2-D MRI data, it does not have an increased oredesad level of integrity, as Designer A
explains:

‘Well it is like saying you know does an ordinascevey map lack integrity because it is not
an actual piece of physical earth’

(Designer A) [CD-ROM Transcript Data, Section 2&ge 251, Line 18]

As suggested above, it became clear the companiasrunfair and that both the MRI as the

3-D CGl images were created for different purpases contexts.

The issue of théspectra’ of contexts, raised by Designer C, provides sam@ht into how
to judge the author’'s approach to visualising disedata. The 3-D CGlI artefact’s integrity
can be defined by where you disseminate it, i.eetivdr within a gallery setting or during
clinical communication. The 3-D CGI artefacts prese in ‘Image Set 1°drift’ within this
‘spectra’ of context; the‘Vertebral Artery’ (Fig.97) work provides imagery that offers
didactic insight and anatomical explanation wher@&ascontrast, ‘Tortuosity’ (Fig.98)

possesses a more ambiguous aesthetic, distan@ngeiiver from the functional aspects of
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the arteries. This aesthetic stimulated a mixepgaese, with some participants questioning its

clarity, while others appreciated ijswel’ like quality.

Fig.97 - ‘Vertebral Arteries’, John McGhee 2006
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Fig.98 - ‘Tortuosity’ vertebral arteries, John Mc&& 2006

Another key observation during the viewing‘lwhage Set 1was highlighted by the physics
professionals. This referred to the interpretatisture of MRI image data. The MRI scanning
equipment itself generates a visualisation of tgsal properties of human tissue. It.isa
visual manifestation of the MR physics.(Radiologist B) [CD-ROM Transcript Data,
Section 2.16, Page 390, Line 2®hich is not the same as thetual tissue. This point is
significant as it highlights that MRI representsiadical-scientific representation of the body,
not the actual body. The MRI data is not real anly cepresents the scientific instrument’s

version of anatomy.

Based on these comments, it would be fair to atgaeif the MR imagery is not real, then
the author’s interpretative visualisations coulsbabe valid in the communication of disease,
outside of diagnosis. The author’'s approach prevate alternative pathway to communicate

disease, based on alternative descriptions otyeald is opposed to any positivist precepts.
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6.3. ‘Image Set 2’ — Kidney Transparent

‘Image Set 2'consisted of 3-D CGl visualisations of kidney dd&xived from an MRI scan
file. The emerging themes in tHédney’ image set are categorised into four significaatar

These themes were as follows:

- Beauty and Separation
- Visual Qualities - Porcelain to the Pepper
- Tension and Separation

- Dialogues and Conversation - Integrity

These kidney images divided the professionals, ignoy the opportunity for detailed

discussion on the merit of beauty and function.

Beauty and Separation

The first 3-D CGI image discussed wadedulla’. The word beautiful’ was used several
times in reference to this kidney image. The pgudicts referred to the colour, lighting and
transparency of the image when referring to theutyeaf the image. For example:

‘...but your interpretation on the left is much maxee inspiring if you like.’

(Scientist A)JCD-ROM Transcript Data, Section 2.10, Page 11i5gL36]

‘... mean what you have got on the left again isegaibeautiful thing actually...’
(Sculptor A)[CD-ROM Transcript Data, Section 2.10, Page 28rgl11]

‘...because it is an incredibly beautiful thing isit:t. it has a gem feel...’

(Fine Artist B) [CD-ROM Transcript Data, Sectiorl2, Page 358, Line 22]

The use of analogies reoccurred across many ofrdmscripts, particularly in reference to
natural organic forms such asjellyfish’. These analogies provided the participants with a
vocabulary to communicate the visual attributeghef imagery, in an efficient way. In the

case of the'jellyfish’ remark, participants used this metaphor to endafesumultiple
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attributes at once, such as shape, colour, consistend form. A jellyfish is an organism
made mostly from fluid and is a transparent bodspsuded in water. The following extracts
expand on these references:

‘Oh aesthetically yes, instantly that is a beautifnage, | mean you can compare it to a jelly
fish...’

(Radiographer B) [CD-ROM Transcript Data, Sectiaid,2Page 231, Line 45]

‘...a kind of beauty that you could relate to theeotthings like in some ways | kind of saw a
foetus in there and | saw a kind of brain structure

(Fine Artist D) [CD-ROM Transcript Data, SectionlZ, Page 468, Line 5]

The clinical participants tended to acknowledge ahsthetic qualities of the imagery whilst

also pointing out its lack of clinical value; theyere keen to separate beauty from any

functional value. As Radiologist B explains:

‘...l think it shows the beauty of the human answex body organ but as | said it appeals to
my aesthetic side rather than my diagnostic.’

(Radiologist B) [CD-ROM Transcript Data, Sectioff 2Page 392, Line 41]

Another example of this is found in the followingate from Anatomist A, who disliked the
image, feeling it did not match the individual’spexience of what a kidney should look like.
Anatomist A explains:

‘As an anatomist | really don’t like that image ahdon't like it because it doesn’t look, |
think artistically it is very pretty, it reminds ntd a jelly fish instantly looking at it doesn’t
make me think of a kidney because when | thinkdokel | don’t expect to be able to see
inside it.’

(Anatomist A) [CD-ROM Transcript Data, Section 2@age 208, Line 23]

In this quote we find a clear distinction betweenimage beingpretty’, and its ability to
communicate the actual structure of the kidney. &oimthe clinical professionals suggested
that this layer of detail could be too much; implyithat its only value would be within the
field of computer arts:

‘...you have gone to town on that image, it is vesyyvgood but a work of art from a

computer graphics is a tremendous piece of worklahehk probably you wouldn’t need to
go to such lengths if you wanted to depict, themmuch more simple software available often
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on the workstations now that will give you a volumeadering of that sort of thing with much
less, it wouldn't be so pretty to look at but immte of showing the patient what his blood
vessels...’

(Radiologist B) [CD-ROM Transcript Data, Sectiod@. Page 393, Line 13]

This separation between function and form as egpredy Radiologist B and Anatomist A

reinforces the reductive view, excluding an artsdehinterpretation of the inner body.

Image 2b — Kidney ‘Cortex’ - Visual Qualities - Porcelain to the Pepper

In a similar way to the first kidney imag€ortex’ was described as being similar to stone
and brittle materials such as porcelain or driechebo Sculptor A made referende

‘Auchmithie beach® and a type of stone he had encountered locallysdsptor A explains:

‘...the surface, it does look like bone or it cou@dione, | mean if you go to Auchmithie you
will see rock structures almost identical...’
(Sculptor A) [CD-ROM Transcript Data, Section 2.Bage 288, Line 45]

The reference to fragility, bone and porcelain aasther theme seen in the transcripts. These

examples show the types of comments heard:

‘...with a jagged edge of the hole just reminds ga skull a sheep’s skull for instance...’
(Scientist A) [CD-ROM Transcript Data, Section Z2hge 116, Line 7]

‘...l would be probably thinking it that a bit of &er a bit of bone or something like...’
(Physicist A) [CD-ROM Transcript Data, Section Page 154, Line 29]

‘...it could almost firmly be a piece of kind of avork that you would expect to see either
kind of modelled on a plinth or kind of an interfaion of skeletal remains of the Nevada
Dessert...’

(Designer C) [CD-ROM Transcript Data, Section 2.Page 442, Line 34]

‘...0bjects for real that people can touch them amdldhthem you could deconstruct the
human body in sculptural form...is quite interestingd beautiful, can you imagine
deconstructed human body and in white porcelain...’

(Fine Artist A) [CD-ROM Transcript Data, Sectiom2Page 171, Line 22]

124 Auchmithie — A small fishing village in Angus, Stand with a distinctive harbour and beach.




























































































































































































































































































































































































































































